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Preface 
 
 
SDRC’s Sustainable Transportation Infrastructures: Series 2 is a 
compendium of engineering research papers specialising in transportation 
infrastructure that provides new insights on parking studies, traffic analysis, 
adaptation of driver behavior, pavement structural enhancements, and 
pedestrian movement modelling and facility design. In this book, authors 
have delved into important issues dealing with the sustainability and 
resilience of transportation infrastructure, particularly in Malaysia. It is 
hoped that engineering practitioners, town planners and academicians will 
find the scientific approaches taken on the diverse cases and complex 
problems encapsulated in this book beneficial for the provision of 
transportation infrastructure that is not only of desirable quality and 
efficiency, but also one that meets societal goals. 
 
 
Basil David Daniel 
Munzilah Md Rohani 
Nursitihazlin Ahmad Termida 
Smart Driving Research Center (SDRC) 
Faculty of Civil and Environmental Engineering 
Universiti Tun Hussein Onn Malaysia 
2019 
  
Titles and Authors 
 
 
Chapter 1 
On-street parking studies: A case study in Zone B, Kluang Old 
Town Area, Johore 
Nursitihazlin Ahmad Termida, Nozaihan Ahmad, Munzilah Md. Rohani, 
Basil David Daniel, Mohamad Yusri Aman and Dimas Bayu Endrayana 
Dharmowijoyo 
Smart Driving Research Center, Universiti Tun Hussein Onn Malaysia and 
Universiti Teknologi Petronas 
 
Chapter 2 
Microscopic validation through sensitivity analysis for the 
pedestrian’s directional switching behavior model 
Noorhazlinda Abd Rahman, Nur Sabahiah Abdul Sukor and Herni Halim 
Universiti Sains Malaysia 
 
Chapter 3 
Soil improvement on subgrade using Envirotac on clay soils for 
better roads 
Alvin John Lim Meng Siang, Sim Sy Yi, Nickholas Anting Anak Guntor, 
Tuan Noor Hasanah Tuan Ismail and Aza Diyana Abd Razak 
Universiti Tun Hussein Onn Malaysia 
 
Chapter 4 
Pedestrian route choice of vertical facilities at KLCC 
underground train station 
Tee Xin Lei, Nur Sabahiah Abdul Sukor, Noorhazlinda Abd Rahman, 
Munzilah Md Rohani and Sitti Asmah Hassan 
Universiti Sains Malaysia, Universiti Tun Hussein Onn Malaysia and Universiti 
Teknologi Malaysia 
 
 
 
 
 
  
Chapter 5 
Adaptation to local driving norms among foreign students in 
UTHM 
Renukha Vegurgama, Kamarudin Ambak, Naida Rosli and Basil David 
Daniel 
Smart Driving Research Center, University Tun Hussein Onn Malaysia 
 
Chapter 6 
Distribution of bus stops at train stations: A comparison 
between Kyoto subway line and Kelana Jaya line 
Siti Fadhlina Muhammad Fisal, Nur Sabahiah Abdul Sukor, Herni Halim, 
Munzilah Md Rohani and Sitti Asmah Hassan 
Universiti Sains Malaysia, Universiti Tun Hussein Onn Malaysia and Universiti 
Teknologi Malaysia 
 
Chapter 7 
Rutting resistance evaluation of warm mix asphalt containing 
anti-stripping agent 
Mohamad Yusri Aman, Nor Farah Azila Abdullah @ Musa, Nursitihazlin 
Ahmad Termida, Munzilah Md Rohani, Basil David Daniel and Zulkurnain 
Shahadan 
Smart Driving Research Center, Universiti Tun Hussein Onn Malaysia and 
Politeknik Balik Pulau 
 
Chapter 8 
Traffic flow analysis at U-turn merging sections along Jalan 
Batu Pahat – Kluang (Federal Route FT050) 
Basil David Daniel, Mohd Amiruddin Mad Nasir, Munzilah Md Rohani, 
Nursitihazlin Ahmad Termida, Mohamad Yusri Aman and Kamarudin 
Ambak 
Smart Driving Research Center, Universiti Tun Hussein Onn Malaysia 
 
 
  
Synopses 
 
 
On-street parking studies: A case study in Zone B, Kluang Old 
Town Area, Johore 
This study investigates the existing on-street parking problems in the study 
area.  The data has been collected using license plate survey method, and 
questionnaire as a study instrument. Parking occupancy, duration, and 
turnover rate, as well as to analyse parker’s behaviour in choosing a 
parking location in Zone B, Kluang Old Town have been analysed. Results 
show that 5 out of 7 roads exceed the optimum efficiency of 95% for 
parking supply and demand. Age, purpose of parking, type of business, 
complaint about lack of parking, current parking supply during weekends, 
the willingness of walking distance, and time for parking search, have a 
significant relationship with parkers’ choices of parking locations, but with 
weak relationships (Cramer’s V value between 0.1 to 0.3 at p < 0.05). Only 
type of business available at the study area has a significantly strong 
relationship with a parker’s choice of parking location in Zone B with the 
value of 0.508 (p < 0.001). 
 
Microscopic validation through sensitivity analysis for the 
pedestrian’s directional switching behavior model 
A switching action behavior is studied to simulate a scenario of pedestrians 
change their direction of walking. This scenario is indisputably can happen 
in any situation. For example, during emergency evacuation, when the 
designated evacuation area is fully occupied with the preceding evacuees, 
the trailing evacuees have to change their directions to another evacuation 
area. In this contribution, the one-way sensitivity analysis is performed to 
validate the developed switching action behavior model. Since, in the 
current state, no available empirical data to be validated with, the choice 
of sensitivity analysis is significant. Based on the output of sensitivity 
analysis, the motion of the switching action behavior can be reproduced. 
Visually, the motion is realistic and this was enhanced quantitatively by 
looking at the maximum contact force developed between the pedestrians 
simulated. Those with the contact force values below the 175 N is 
considered safe and accepted. This contribution is believed have significant 
  
contribution to be further studied in the area of safety engineering like 
evacuation planning. 
 
Soil improvement on subgrade using Envirotac on clay soils for 
better roads 
This research critically reviews the soil CBR value and its dependent 
parameters like optimum moisture content (OMC), maximum dry density 
(MDD), liquid limit (LL), plastic limit (PL) and plasticity index (PI), this 
research also to determine the suitable ratio of soils mix Envirotac and its 
suitability for subgrade material. All the samples will be tested in 
laboratory using California Bearing Ratio (CBR) test in two conditions, 
soaked (wet condition) and unsoaked (dry condition). In particular, data 
collected from a series of laboratory  tests  conducted  on  a  high  
plasticity  clay  (CH)  obtained  from  Research  Centre,  University  Tun 
Hussein Onn Malaysia are comprehensively analysed. These soils were 
further stabilized with Envirotac, each sample will be made with 
proportion of 95% of soil with 5 % of Envirotac, 90% of soil with 10% of 
Envirotac and 85% of soil with 15% of Envirotac, all of the sample cured at 
0, 7 and 14 days. The consequent results indicate that the stabilized clay 
showed no improvement for unsoaked CBR.  It only shows improvement 
on soaked CBR. Hence, it is found there is only slight improvement of 
CBR value for soaked condition. However, for overall conclusion it is 
found that clay soil is not suitable to be used with Envirotac. 
 
 
Pedestrian route choice of vertical facilities at KLCC 
underground train station 
Limited route choices to egress platform level via stairways and escalators 
at KLCC underground train station are suspected to cause congestion and 
delay to egress the platform especially during the peak hours. In this study, 
pedestrian route choice at the underground train station was studied by 
using Pedestrian Following Survey. The results showed that LRT users at 
the underground train station preferred to use the vertical facility that is 
nearer to their respective train doors due to the shortest path, except the 
passengers that alighted from the middle section of train and tended to 
egress with escalators over stairways, resulting in the percentage usage of 
escalators (52.3%) was higher than stairways (47.7%). Therefore, 
  
passengers overcrowded at entrance of escalators and led to increase of 
delay time when boarding the facility. 
 
Adaptation to local driving norms among foreign students in 
UTHM 
This study was conducted to determine adaptation of behaviour to local 
driving norms among foreign students in Universiti Tun Hussein Onn 
Malaysia (UTHM). A self-administered questionnaire was distributed to 76 
respondents in study area. The pilot study was tested prior to data 
collection to analyse reliability of the questionnaire. The data was then 
analysed using descriptive statistics, chi- square test, and correlation 
analysis studies. The results show the understanding of local driving norms 
and the factors that influence foreign students driving behaviour which 
lead to traffic accident risks are unfamiliar road signs, poor road conditions 
and contrasting traffic laws in Malaysia and in their origin country. 
Correlation analysis shows that all components are positively significant. 
The most dominant factors from (TPB) that contribute to driving 
behaviour of foreign student is behaviour followed by intention and lastly 
is subjective norms. It is suggested that having sufficient knowledge of 
traffic rules and positive attitudes like driving slowly, be patient while 
driving and safety concerns among foreign students in order to adapt their 
behaviour to local driving norms. 
 
Distribution of bus stops at train stations: A comparison 
between Kyoto subway line and Kelana Jaya line 
The provision of light rail transit (LRT) in Kuala Lumpur does not seem 
impactful enough to shift people from using cars to public transport. The 
first and last mile issues have been a main problem where the bus services 
that supposed to be the continuity medium for the public transport 
services from the train stations to the passengers’ last destination were 
found failed to serve the current demand. To figure out the reason of this 
circumstance, we try to compare the distribution of bus stops near by the 
Kyoto Subway Line and Kelana Jaya LRT Line. The distribution pattern of 
bus stops for Kyoto Subway Line was found to be in grid- pattern while 
the distribution of bus stops for Kelana Jaya Line was in linear-pattern. The 
grid-pattern bus network was found able to increase the bus ridership thus 
indirectly inclines the ridership of train too. Kyoto Subway Line maintained 
the number of bus stops even though it enters the suburban areas but 
  
otherwise for Kelana Jaya Line. The comparison also revealed that Kyoto 
Subway Line does not provide motorcycle parking but bicycle parking 
which is in contrast with Kelana Jaya Line where the provision of 
motorcycle parking is more important than bicycle parking. These 
differences are probably among the main factors that decline the train 
ridership of Kelana Jaya Line LRT. 
 
Rutting resistance evaluation of warm mix asphalt containing 
anti-stripping agent 
This study focuses on the investigation of rutting potential in warm mix 
asphalt incorporating Sasobit® with a newly developed anti-stripping agent 
known as Pavement Modifier and quarry dust as a respective filler. 
Crushed granite aggregates were batched according to ACW10 and 
conventional bitumen 80/100 penetration grade as the base binder was 
prepared with 2% anti-stripping agents. Specimens were compacted at 
150°C, 125°C and 95°C and resistance to rutting of the specimens tested 
were using wheel tracker machine at 45°C. The testing consists of 
repeated application 42 passes/min on specimens with a standard load of 
700N. The results indicate that the specimens containing pavement 
modifier exhibits lower rut depth compared to the specimens 
incorporating quarry dust. Furthermore, increasing percentage of 
Sasobit® in the asphalt mixtures significantly increase the rutting 
resistance. 
 
Traffic flow analysis at U-turn merging sections along Jalan 
Batu Pahat – Kluang (Federal Route FT050) 
Vehicles entering and leaving U-turn facilities often impede the flow of 
through traffic, while the difference in speeds between through and turning 
traffic increases accident potential. U-turning refers to the driving 
technique where the driver performs a 180 degree turn to reverse the 
direction of travel on a highway. This movement ends in a merging 
maneuver that usually causes conflict, delay and drop in capacity. The 
objectives for this study was to develop speed-flow models that will be 
able to estimate the capacity drops in traffic flow at U-turn merging 
sections. Observations were conducted at three U-turn facitilites 
consisting of six merging sections on both directions located along Federal 
Route FT050, which is also known as Jalan Batu Pahat – Kluang. Traffic 
volume and vehicular speed data were collected for two weeks. Data was 
  
analysed using the regression method of curve estimation for speed-
density and speed-flow models relationships. Traffic flow models at the U-
turn merging sections were developed for peak and off-peak hours and 
then compared. The results showed that the capacity drop at U-turn 
merging sections during the peak hour ranged from as high as 21.21% to a 
low of 6.23% during weekdays and good weather. This study concluded 
that U-turn facilities have a considerable impact on the capacity of the 
traffic flow in the main stream. 
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Chapter 1 
 
On-street parking studies: A case study in 
Zone B, Kluang Old Town Area, Johore 
 
Nursitihazlin Ahmad Termida, Nozaihan Ahmad, Munzilah Md. Rohani, Basil David Daniel, 
Mohamad Yusri Aman and Dimas Bayu Endrayana Dharmowijoyo 
 
 
1.1 Introduction 
 
When it comes to the urbanisation process, where street is a must, 
parking demand has of great importance since it is a part of transportation 
system. Inadequate parking allocations will contribute to other problems 
regarding road safety and congestion. A review of 16 studies in 11 
international cities around the world shows that on average, 30% of traffic 
is looking for a parking space with 8.1 minutes of parking search time [1].  
In addition, a survey on illegal parking done by RAC Foundation in the U.K. 
found that 48% of the respondents admitted to illegally parked their 
vehicles [2]. High parking demand is not only the main issues in 
commercial and business centre areas in many towns, but also in 
residential areas [3], resulting in no informal safe crossing points for 
children [2].  
 
Accessibility and parking convenience are among major factors that affect 
shoppers' destination choices [4]. Nowadays, most of the new shopping 
mall is built with off-street parking which benefited shoppers thus, prevent 
the problems related to traffic congestion. However, problems often 
occur at commercial (e.g. shop houses) and business (e.g. banks, post 
office, etc.) centre areas in central business district (CBD) in which on-
street parking is favour to build. The American Association of State 
Highway and Transportation Officials (AASHTO) confirms that on-street 
parking reduces capacity and interferes with the free flow of adjacent 
traffic, as well as increases road accidents potentials [5]. Therefore, it is 
preferable to avoid on-street parking type especially in CBD areas that are 
already congested. 
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On the other hand, a driver who is unfamiliar to the area prefers to 
circulate around or drive past his or her destination before he or she finds 
a convenient parking place [6]. This factor will affect parkers’ choices in 
choosing the parking locations. Besides, parking problem in urban area 
emerges from the conflict between demand and supply [7].  The increase 
in number of population and number of private vehicles are among the 
factors that lead to a high level in parking demand. 
 
 
1.2 Literature review 
 
In high density urban areas, especially in CBD, there is a strong 
competition for the use of space among the various urban activities 
housing, economic activities, green space, traffic, and parking [8]. If land 
use densities are low enough, car traffic generated by people can be 
accommodated by a typical street network without congestion [7]. 
 
Most of parkers would choose parking spaces near to their destination 
locations. The maximum walking distance for parkers to tolerate is 
depending on their trip purposes, city size, and the cost of parking [7]. 
Illegal double parking would be their choices if there are no parking spaces 
left for them to park their vehicles nearby to their ultimate destinations. 
According to a special report on parking principle published by the 
Highway Research Board in the U.S., office workers may be willing to walk 
a maximum distance of about 2000 ft (5 or 6 blocks or equivalent to 610 
m) if the rates are attractively low [9].   Therefore, the planning and 
designing of parking facilities demand an understanding of characteristic of 
vehicles, drivers’ behaviour, parking operations, and parking generating 
characteristic of different land use [10]. 
 
 
1.3 Parking Policy 
 
Parking management is becoming more important nowadays due to the 
increase in motor vehicles and various types of land use. The effectiveness 
of parking depends on the management and policies made by the local 
authority. According to the Department of Town and Country Planning, 
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Peninsular Malaysia (JPBD), the implementation of parking policies in 
Malaysia are as follows [11]: 
i. Provision of a comprehensive car parking plan at urban areas  
ii. Determination of maximum limit of parking lots  
iii. Details of parking lot provision in development projects  
iv. Conditions regarding parking facility in issuing Certificate of Fitness 
(CF)  
v. The provision of shared car parks  
vi. Joint use parking concept  
vii. Introduction of parking impression scheme  
viii. Payment policy for parking area  
 
 
1.4 Parking Supply and Demand 
 
Parking supply is merely the number and location of all parking spaces in 
the study. While parking demand is defined as the number of need park 
space in a given area at some time interval [12]. Both supply and demand 
are related in which demand provide the number of parking needed and 
varies by time while supply provide the number of parking spaces in the 
study area. Generally, supply can be assumed as constant even though 
there might be some changes during the day. 
 
Different types of land use give different impact on parking demand. A 
grooving level of motorisation in the country, the increasing mobility of 
people, and the attraction of big trade centres demands extensive parking 
facilities close to them [7,13] Parking demand also affected by location, 
trip purpose, road pricing, parking policies and trip rates. 
 
 
1.5 On-street parking 
 
On-street parking, or also known as curb parking, often takes place, either 
legally or not, on space at the side of the road. This type of parking is often 
owned and provided by the local authority and open to the public.  
 
On-street parking facility can act as a traffic calming device to reduce speed 
especially on local road type (e.g. residential area) since the road will 
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become narrow with the aid of this parking type. On-street parking also 
can reduce the need for large parking lot or spaces compared to off-street 
parking type. On the other hand, on-street parking is unfavourable on 
collector and arterial road types because it will be difficult for large 
vehicles to make a turn and thus, increasing the turning radius for such 
vehicles. It should be prohibited within bus stops and pedestrian 
crosswalk, adjacent to fire plugs, and in the vicinity of intersections, alleys, 
and driveways [14].   
 
On-street parking become dangerous especially when it is built on the 
primary or major road where the annual daily traffic (ADT) are high. The 
present of on-street parking will disrupt the traffic flow and often cause 
traffic congestion [5,7,14]. The parking manoeuvre tends to interrupt the 
moving vehicle. Sometimes the lack of rear view of parking vehicle in 
backward movement forces the moving vehicle to make a sudden brake.  
Therefore, on-street parking should be regulated to minimize its effects 
on accidents and congestion, as well as to ensure that available parking 
spaces are used appropriately and efficiently [14]. 
 
Fig. 1 illustrates the type of on-street parking [15]. There are two types of 
parking in on-street parking which is angle parking and parallel parking. 
Previous research found that angle parking is more dangerous compared 
to parallel parking in terms of number of parking-related crashes [16].  
Although angle parking may allow more spaces per linear foot of curb, 
however, it restricts traffic movement on the street more than parallel 
parking [7]. 
 
 
1.6 Case study: On-street parking in Zone B, Kluang Old 
Town, Johore 
 
Kluang is located in the middle of Johore state, in which the state itself is 
located at the southern part of peninsula Malaysia (see Fig. 2). Kluang town 
is still developing and on its way to becoming one of a well-developed city 
in Johore state, Malaysia. Most developing cities in Malaysia face the 
parking issues due to the difficulty in integrating both old and latest city 
development plan made by local authorities. In addition, the increasing 
number of population and number of private vehicles also contribute to 
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Fig. 1  Curb-Parking Geometry [15] 
 
the parking problems. In 2010, the total number of population in Kluang is 
319,629 people with population growth of 1.48% [17].  Meanwhile, Johor 
is the second highest rank in terms of number of registered vehicles in 
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Malaysia with 1,831,776 vehicles in 2008 and 2,347,317 vehicles in 2015 
[18]. 
 
 
 
Fig. 2  Location of Kluang district and Zone B, Kluang Old Town area, 
Johore, Malaysia 
 
There are seven roads or study locations with on street parking involved 
in this study as shown in Table 1.  The coupon parking system is used in 
the study area with the parking rate cost RM 0.60 for an hour and RM 
0.40 for half an hour.  
 
Table 1  On-street parking observed in study areas 
 
Study location 
Total 
Parking 
Spaces 
Land Use Type 
Persiaran Yayasan 103 
Banks, restaurants, and 
commercial buildings 
Persiaran Dato Haji Ismail 
Hassan 
30 Bank, and shop-houses 
Jalan Bakawali 36 
Hotel, bus station, and 
commercial buildings 
Jalan Nyior 25 Shop-houses 
Jalan Dato Tan Seng Leong 78 Shop-houses 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
7 
 
 
Jalan Dato Rauf 68 
Bank, and commercial 
buildings 
Jalan Sultanah 52 
Banks, restaurants, and 
commercial buildings 
 
 
1.7 Methodology 
 
Parking studies were conducted to collect all required information about 
the capacity and the use of existing parking facilities in study location.  
License Plate Survey method and questionnaire instrument were applied 
in collecting the data.  Then Statistical Packages for Social Sciences (SPSS) 
software was used to analyse the data.  The nonparametric of Chi square 
test and Cramer’s Contingency Coefficient were applied to analyse the 
relationship between parking zone’s characteristics and parker’s 
characteristics. 
 
 
1.7.1 License Plate Survey method 
 
License Plate survey method resulting in the most accurate and realistic 
data because every parking stall is monitored at fixed intervals.  The 
shorter the time interval applied, the higher the data accuracy since it can 
avoid missing short-term parkers in the data.  This method, however, is 
very labour intensive and involves certain liability problems [7].  This 
problem can be solved partly by copying only the first or the last three 
digits of the license plate.  The data obtained from this method are 
analysed in order to estimate parking occupancy, duration, and turnover 
rate.  
 
The time interval of 15 minutes was used in this study and the data was 
collected in three consecutive weekdays (Tuesday, Wednesday and 
Thursday).  The data was captured in two sessions of peak hour per day 
according to the local condition (morning peak between 8:30 am to 12:30 
pm, and afternoon peak between 3:00 pm to 7:00 pm) in which each 
session took four hours of observation.  The data was taken between 
months of April and May 2012. 
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1.7.2 Questionnaire instrument 
 
Questionnaire instrument was used in order to know the needs of parking 
as well as problems regarding to the current parking situation in study 
area. The questionnaire includes questions about respondent’s 
background, general trip purpose, types of vehicle used, walking condition 
from parking to the ultimate destination, parking duration, and security at 
the parking areas.  Note that 384 respondents (120 males and 264 females) 
have taken part in the survey. The questions in this study (using 5 Likert 
scale) were adopted from previous study done in Kedah state, Malaysia, 
and Brockville, Canada [7, 19]. 
 
 
1.7.3 Statistical analysis 
 
Non-parametric test of Chi-square was used to test whether the observed 
pattern of events differs significantly from what have expected by chance 
alone.  In this case, it is used to test the relationship between parking 
location choice (e.g. total number of parking occupied at each study 
location) and parker’s characteristics (e.g. age, and gender) and their 
preferences of parking locations (e.g. willingness of walk distance, parking 
search time, type of business, current parking supply, cost of parking, types 
of parking, and parking duration). Thus, the hypothesis for this test are: 
 
Null hypothesis, Ho : The two variables are insignificantly related 
Alternative hypothesis, Ha : The two variables are significantly related 
 
Cramer’s Contingency Coefficient was used to measure the strength of 
the relationship between the two variables, which are significantly 
dependent in the chi-squared test above [20]. The value of the test statistic 
is from 0 to 1 in which 0 indicates the weakest relationship, meanwhile 1 
indicates the strongest relationship. 
 
 
1.8 Results and Discussion 
 
The percentages of occupancy for 5 out of 7 roads in the study areas are 
more than 95% of occupancy, which is high and exceeds the optimum 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
9 
 
 
efficiency for occupancy (see Table 2). This indicates that there are 
problems in parking supply and demand in the study locations even though 
there are some spaces which are not occupied by the parkers. The most 
critical locations are at Persiaran Yayasan and Jalan Sultanah.  This could 
be due by the parker’s behaviour that prefer to park their vehicles close 
to their ultimate destinations [7]. 
 
Table 2.  Parking occupancy in Zone B, Kluang 
 
Study location/ 
Time of observation 
% Occupancy 
0830- 
1030 
1030- 
1330 
1500- 
1700 
1700- 
1900 
Persiaran Yayasan 98 97 98 96 
Persiaran Dato Haji Ismail 
Hassan 
93 93 93 97 
Jalan Bakawali 36 56 47 42 
Jalan Nyior 52 40 68 44 
Jalan Dato Tan Seng 
Leong 
90 96 97 90 
Jalan Dato Rauf 97 93 96 91 
Jalan Sultanah 96 100 96 96 
 
Table 3 shows the parking duration in each study locations. Majority of 
parkers at Zone B park their vehicles more than 1 hour except in the 
evening session at Jalan Bakawali and Jalan Nyior. The longer parking 
duration may be contributed by the low parking price in Kluang Town 
which only cost RM0.60 for an hour. 
  
Table 3.  Parking duration in Zone B, Kluang 
 
Study location/ 
Time of observation 
Parking Duration (min/veh) 
0830-1230 1500-1900 
Persiaran Yayasan 70.26 66.83 
Persiaran Dato Haji Ismail 
Hassan 
88.16 98.02 
Jalan Bakawali 88.75 44.56 
Jalan Nyior 84.47 59.46 
Jalan Dato Tan Seng Leong 68.94 71.23 
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Jalan Dato Rauf 71.29 80.48 
Jalan Sultanah 81.92 77.41 
 
During 4 hours of observation, the turnover rate at Persiaran Yayasan and 
Jalan Dato Tan Seng Leong have recorded 3 vehicles utilized per parking 
space. Based on the parking duration, every vehicle that park at these 
locations have parked their vehicles more than 1 hour. This situation 
shows that the parking spaces in these 2 locations are the most favourable 
place for drivers to park their vehicles. From a parker’s perspective, a 
parking space should has satisfied more parkers which is resembles by the 
bigger number in parking duration. From technical point of view, the 
parking duration, however, should be short so that more parkers could 
occupied that particular parking space. Detail for turnover rate is enclosed 
in Table 4. 
 
Table 4. Turnover rate in Zone B, Kluang 
 
Study location/Time of 
observation 
Turnover rate (veh/space) 
0830-1230 1500-1900 
Persiaran Yayasan 3.01 2.83 
Persiaran Dato Haji Ismail 
Hassan 
1.90 1.93 
Jalan Bakawali 0.67 0.94 
Jalan Nyior 0.76 1.12 
Jalan Dato Tan Seng Leong 3.14 2.71 
Jalan Dato Rauf 2.74 2.46 
Jalan Sultanah 2.50 3.00 
 
Data analysis from the Chi-Square test shows that age, the purpose of 
parking, type of business, complaint about lack of parking, current parking 
supply during weekends, the willingness of walking distance from parking 
to the ultimate destination, and time for parking search have a significant 
relationship with the location of parking chosen by drivers. The result 
from data analysis by using Cramer’s V test, however, shows that only the 
type of business has a significant relationship with location choice of 
parking (0.508 at p < 0.001). Note that most of the roads in Zone B, 
Kluang Old Town have high capacity due to various land-built environment 
developed in the areas.  Moreover, the results also supported the analysis 
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in which a high percentage in parking occupancy (see Table 2), and a long 
parking duration (see Table 3) are obtained in the study areas. 
 
 
1.9 Conclusions 
 
Parking spaces have its own significant in economic development. The 
accessibility from parking space to parkers’ ultimate destinations gives an 
impact in parkers’ choices of parking locations as most of parkers would 
choose parking spaces that are close to their ultimate destinations [7]. 
Based on the results gained from both parking study and the questionnaire 
instrument, it is shown that the number of parking spaces in Zone B, 
Kluang Old Town is quite limited thus, indicate that there is a parking 
problem in the study location.  Action by local authority is needed in order 
to solve the problems. 
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Chapter 2 
 
Microscopic validation through sensitivity 
analysis for the pedestrian’s directional 
switching behavior model 
 
Noorhazlinda Abd Rahman, Nur Sabahiah Abdul Sukor, Herni Halim 
 
 
2.1 Introduction 
 
For the past four decades, the development of different kinds of model 
can be seen to simulate complex crowd behavior. Modeling and simulation 
have become the best choice of methodology to understand and predict 
certain phenomena in a crowd by its replication. The crucial traits in 
human crowd behavior and the emergence of several empirically observed 
collective behavior in a crowd could be reproduced and explained [1, 2, 
3, and 4].  
 
In this contribution, the switching action behavior of pedestrian is 
highlighted and the one-way sensitivity analysis is performed to validate 
the developed switching action behavior model. Since, in the current state, 
no available empirical data to be compared with the model’s outcomes, 
the choice of sensitivity analysis is significant. 
 
 
2.2 Switching action behavior model 
 
A switching action behavior is studied to simulate a scenario of pedestrians 
change their direction of walking. This scenario is indisputably can happen 
in any situation. For example, during emergency evacuation, when the 
designated evacuation area is fully occupied with the preceding evacuees, 
the trailing evacuees have to change their directions to another evacuation 
area. Recent literature shows that the change in direction has not been 
taken into account in any pedestrian modelling. 
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In this contribution, the CBS-DE, which has been used in the previous 
studies [5, 6, 7, 8], is employed and extended accordingly in order to study 
switching action behavior. The mechanism of switching action behavior is 
proposed by formulating the switching action function through 
convolution integral of two functions. The change in direction is defined 
based on the motion of other persons in the perception domain. In 
reference to the perception domain of a person i, if the number of persons 
in the perception domain of the person i is greater than 9 and the average 
walking velocity of those persons in the perception domain is less than or 
equal to 1.0 m/s, the switching action function is activated. Once the 
switching action function exceeds the critical switching action time Fsw,c, 
the person i will change his/her direction. 
 
 
2.3 Modeling and sensitivity analysis 
 
2.3.1 Mathematical modelling 
 
The following flowchart (Fig. 1) portrays the formulation of switching 
action behavior. The change in direction of a person i is dependent on the 
motion of other persons in the perception domain in the defined switching 
action time. The switching action time is given by the switching action 
function described by a convolution integral. 
 
To simulate the change in direction, the switching action behavior function 
is defined for each person i. To avoid an artefact of the flow, the change 
in direction of the person i is determined by reference to the motion of 
other persons in the perception domain in the defined switching action 
time. The switching action function is only activated at the time t when a 
person i satisfies the following conditions: 
 
i. the number density of persons in the perception domain of a person 
i is more than 9; and  
ii. the average walking velocity of these persons in the perception 
domain is less than or equal to 1.0 m/s. 
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The number of 9 persons is decided by considering the congestion density 
in the perception domain of a person i with a radius for switching action 
model 1.516 m (= 4dhi), as shown in Fig. 2. 
 
 
 
 
 
Fig.1 Flow chart of the mechanism of switching action behavior 
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Fig. 2 Schematic illustration of the congestion in the perception domain 
of the person i 
 
The switching action function for the person i is calculated by equations 1 
and 2. 
 
( ) ( ) ( ) − −=
t
swt
swswsw dtgftF
  
  
                  (1) 
( )
t
etg
−
=      (2) 
 
where Fsw(t) is the switching action function, fsw is the input function, which 
indicates the number of persons in the perception domain of the person i 
and gsw is the unit response function. The response function reflects the 
delay of switching action. For the g(t), a monotonous damping function 
with respect to time contributes a computational stability. In the present 
study, the exponentially-decaying function is employed as the g(t). 
 
The change in direction will only takes place once the switching action 
function exceeds the critical switching action time factor. The critical 
switching action time factor, Fsw,c is introduced in this study, which varies 
according to the congestion and perception-response time αsw. A 
perception-response time αsw is a model parameter that has to be 
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calibrated in order to obtain an appropriate switching action behavior. 
Once Fsw(t) of the person i attains the critical switching action time factor 
Fsw,c, the person i will change his/her direction to the opposite direction. 
Fsw,c was given by the assumption that 9 persons exist continuously in the 
perception domain in the perception-response time αsw as follows: 
 
( ) ( ) ( )
−−=−=
t
-t
swsw
sw
swedtgtF
  
  
199

               (3) 
 
The schematic illustration for the switching action function, Fsw(t) and 
critical switching action time, Fsw,c is shown in Fig. 3. Figure 3 indicates that 
the moving direction is changed at the time (t)3, when Fsw(t) is equal to Fsw,c. 
 
 
Fig. 3 Example of time series of the switching action function 
 
 
 
2.3.2 Validation setting 
 
The sensitivity analysis is performed to assess the impact of the model 
parameter for perception-response time, αsw on the output of switching 
action behavior model. The validation is made with a focus on realistic 
motion of switching action behavior macroscopically. Further from the 
viewpoint of microscopic, the maximum contact force acting on each 
person is compared with the experimental results of comfortable loads 
for people observed by [9].  
 
On the basis of the above circumstances, a range of values of model 
parameter αsw, which gives an appropriate switching action behavior 
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visually, is calibrated first. This is achieved by conducting trial simulations 
on the test computational domain by employing CBS-DE with switching 
action behavior model. The calibrated range of values of model parameter 
αsw in trial simulations that gives a realistic motion of switching action 
behavior also be checked for the safe level of contact forces. 
 
Checking for the maximum contact force is performed within 
macroscopically calibrated range of values of model parameter. The 
maximum contact force to the recommended values of the parameter 
must satisfy the benchmark of the safe level of contact force. 
 
 
2.3 Safe level of contact force 
 
The contact force acting on each person is a significant output from the 
current trial simulations. The measurement of potential for injury on a 
human had been reported previously. For instance, an experimental 
investigation on the level of comfortable loads for people had been 
conducted by [9]. Twenty-one people with the range of age from 20 to 25 
years old had been tested on three barrier types loaded on upper and 
lower chest and abdomen. In their findings, the comfortable limits of loads 
were ranged from 175 N to 247 N. Hence, this range of the comfortable 
loads is used in this work as a benchmark for the safe level of contact 
forces for each person. 
 
 
2.3.4 Trial simulations 
 
To examine the change in direction exhibited by the switching action 
behavior model, a sensitivity analysis through a few trial simulations are 
conducted on the proposed test computational domain as depicted in Fig. 
4. The test computational domain consists of a corridor with a length of 
21.0 m and a width of 3.0 m, connected with a rectangular evacuation area 
on the right-side and an initial position area of persons on the left-side. 
The designated evacuation area is 4.0 m in length and 3.0 m in width. The 
test computational domain is delimited by walls with thickness of 0.379 m. 
The capacity of the designated evacuation area is 35 persons, which gives 
the density of 2.9 persons/m2. This number is determined based on the 
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definition of the crowd density by the Department for Culture, Media and 
Sports (2008).  
 
In the trial simulations, a total of 100 persons are considered and they are 
positioned randomly with no contacting condition between persons in the 
initial position area as shown in Fig. 4, with the initial velocities of zero. 
CBS-DE with switching action behavior model is employed. Persons are 
moving from the left-side of the test computational domain to the 
designated evacuation area on the right-side with an inflow rate of 1.9 
person/s. The trial simulations associated with the parameter setting in the 
sensitivity analysis are described in the next subtopic. 
 
 
 
Fig. 4 Test computational domain and initial position of persons for trial 
simulation 
 
 
2.4 Results and discussion 
 
2.4.1 Switching action behavior 
 
The calibration is done through sensitivity analysis (trial simulations) for a 
change in direction by employing CBS-DE with switching action behavior 
model. In this work, a range of values for the parameter of perception-
response time, αsw is checked between 0.100 s to 0.250 s with the interval 
of 0.025 s. In total there are seven calibrated values and hence seven trial 
simulations have been conducted (denoted as Sim-1 ~ Sim-7). The results 
of the trial simulations; the range of values of the perception-response 
time αsw, and the values of critical switching action time factor, Fsw,c are 
summarized in Table 1. The critical switching action time factor, Fsw,c is 
determined from Eq. 3. 
 
Within the range of values for the parameter of perception-response time 
αsw, performances of change in direction are visually realistic and 
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acceptable. These are depicted in the snapshots shown in Fig. 5 (a) – (g) 
which illustrated the switching action behavior of persons who were 
changing their moving direction with different values of αsw and their 
respective Fsw,c for every 5 s in the time t ranging from 45 s to 70 s. The 
circles in the snapshots represent persons and the arrows show the 
moving directions of persons. The white circles indicate persons who are 
moving from the initial position area to an evacuation area. Meanwhile, the 
black circles indicate persons who have changed their moving directions.  
 
From the snapshots of all simulations (Sim-1 ~ Sim-7), no significant 
difference can be seen in terms of the switching action behavior, realistic 
and reasonable switching action behavior can be shown. The person began 
to change in his/her moving direction around the time t = 42 s (Sim-1 and 
Sim-2) and t = 43 s (Sim-3 ~ Sim-7). The time necessary for completion of 
the switching action behavior was ranged from 21 s to 24 s. The detailed 
results are concluded in Table 2. To investigate the results microscopically, 
the maximum contact force acting on each person was checked to a 
benchmark for the safe level of contact force for each person. It can be 
seen, Sim-2 and Sim-4 give the low value of contact force which are not 
exceed the safe level of contact force. 
 
Table 1 The data for trial simulations 
 
Trial simulation Perception-
response time, αsw 
(s) 
Critical switching 
action time factor, 
Fsw,c 
Sim-1 0.100 0.856 
Sim-2 0.125 1.058 
Sim-3 0.150 1.254 
Sim-4 0.175 1.445 
Sim-5 0.200 1.631 
Sim-6 0.225 1.813 
Sim-7 0.250 1.991 
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Fig. 5(a) Snapshots of persons changing their moving direction (αsw = 
0.100, Fsw,c = 0.856) 
 
Fig. 5(b) Snapshots of persons changing their moving direction (αsw = 
0.125, Fsw,c = 1.058) 
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Fig. 5(c) Snapshots of persons changing their moving direction (αsw = 
0.150, Fsw,c = 1.254) 
 
 
Fig. 5(d) Snapshots of persons changing their moving direction (αsw = 
0.175, Fsw,c = 1.445) 
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Fig. 5(e) Snapshots of persons changing their moving direction (αsw = 
0.200, Fsw,c = 1.631) 
 
Fig. 5(f) Snapshots of persons changing their moving direction (αsw = 
0.225, Fsw,c = 1.813) 
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Fig. 5(g) Snapshots of persons changing their moving direction (αsw = 
0.250, Fsw,c = 1.991) 
 
Table 2 The results obtained from trial simulations 
 
Trial 
simulation 
Time of 1st 
person to 
switch (s) 
(Tsw1) 
Time of 
switching action 
activity 
completed (s) 
(Tsw2) 
Duration of 
switching 
action (s) 
(Tsw2) – (Tsw1) 
Max. 
contact 
force, 
Fcon.max. 
(N) 
Sim-1 42 66 24 725.73 
Sim-2 42 65 23 208.63 
Sim-3 43 65 22 376.98 
Sim-4 43 64 21 166.44 
Sim-5 43 64 21 447.43 
Sim-6 43 65 22 563.89 
Sim-7 43 66 23 309.42 
 
 
2.4.2 Contact force 
 
As mentioned in the previous subchapter, the maximum contact force is 
a significant output in this study in order to select the appropriate value 
of the perception-response time αsw. To ascertain the maximum contact 
force acting on each person within the safe level of contact force, a time 
series of maximum contact force is plotted. Figure 6 (a) – (g) show the 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
25 
 
 
time series of the maximum contact force acting on the person from the 
time t = 40 ~ 100 s for all the simulations (Sim-1 ~ Sim-7). The vertical 
dashed-lines in the graphs indicate the time range in which the switching 
action behavior is activated. 
 
By considering the upper and lower limit of the comfortable loads in the 
range of 175 ~ 247 N, only Fsw,c = 1.058 (Sim-2) and 1.445 (Sim-4), with 
perception-response time αsw = 0.125 s (Sim-2) and 0.175 s (Sim-4), 
respectively, gave good results in terms of the safe level of contact force. 
The maximum value of the inter-element force with 208.63 N occurs at 
the time t = 59 s for the Sim-2 and at time t = 53 s for the Sim-4 with 
166.44 N.  
 
Usually people tend to avoid contact with neighboring persons in the 
walking process. If we rely on this viewpoint, a parameter value in the Sim-
4 should be chosen as the appropriate one rather than that in the Sim-2. 
 
 
Fig. 6(a) The time-series of the maximum contact force for Sim-1 
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Fig. 6(b) The time-series of the maximum contact force for Sim-2 
 
 
 
Fig. 6(c) The time-series of the maximum contact force for Sim-3 
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Fig. 6(d) The time-series of the maximum contact force for Sim-4 
 
 
 
Fig. 6(e) The time-series of the maximum contact force for Sim-5 
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Fig. 6(f) The time-series of the maximum contact force for Sim-6 
 
 
 
Fig. 6(g) The time-series of the maximum contact force for Sim-7 
 
 
2.5 Summary 
 
In this contribution, the switching action behavior model has been 
proposed to simulate the change in direction by formulating the switching 
action behavior model based on the convolution integral. The validation 
of the developed model was performed through the sensitivity analysis by 
calibrating the model parameter, perception-response time αsw. The 
output of the sensitivity analysis was checked both qualitative and 
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quantitative considerations of switching action behavior and the maximum 
contact force acting on each person. The choice of sensitivity analysis is 
significant in this contribution. It is suggested further application of the 
model can be demonstrated in safety engineering like evacuation during 
emergency situation. 
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Chapter 3 
 
Soil improvement on subgrade using 
Envirotac on clay soils for better roads 
 
Alvin John Lim Meng Siang, Sim Sy Yi, Nickholas Anting Anak Guntor Tuan Noor Hasanah 
Tuan Ismail and Aza Diyana Abd Razak 
 
 
3.1 Introduction 
 
Clay soil always used in construction of road especially in subgrade layer, 
however this type of soft soil create difficulty in construction due to its 
properties. This soil experiences a high clay content, which is when their 
moisture content is increase their potential to swell is high [1]. Clay soil 
also have low permeability and shear strength and also high 
compressibility. Among of the problems in the construction when clay soil 
is used are enormous post construction settlement on excavation and 
embankment construct, and also an inadequate bearing capacity [2]. 
 
One of the methods that can reduce the problems in clay soil in order to 
have a good road conditions is by soil improvement method. Soil 
improvement such as chemical stabilization can enhance soil strength and 
reduced construction cycle. Envirotac is one of the chemical stabilization 
that act as a soil stabilizer, which is a form of acrylic polymer. Envirotac 
has a variety of utilization such as for unpaved road improvement, landfill 
stabilization and also can be used in dust control [3]. The function of these 
substance in soil are to bind soil particle all together and eventually will 
produce a hard layer thus can avoid erosion 
 
This research was conducted to obtain the information about the strength 
of clay soil with the use of Envirotac chemical as an additional mixture for 
subgrade layer. Furthermore, is to determine the suitable ratio of 
Envirotac chemical that is needed to mixture with the soil. By using 
California bearing ratio test, the performance of the soil with the mixture 
can be known. 
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Subgrade layer enact an important role in transmitting structural strength 
to the pavement structure as it collects loads that produce by road traffic 
[4]. Generally, a road that is construct on a soft subgrade which is clay soil 
has created many challenge and problems to the highway construction. 
This type of soil is known because of the not sufficient strength to hold 
the loads whether in construction or during the service cycle of the 
pavement, clay soil also has poor strength and compressibility. 
 
Soil improvement should enhance the stiffness properties and strength of 
pavement materials, minimize the susceptibility of moisture, improve 
stability of volumetric, reduce permeability, reduce the thickness of 
pavement by improving subgrade properties and able to create bound 
course [5]. 
 
 
3.2 Materials and Methods 
 
The main material that were used in this research are Envirotac and Clay 
soil that have been taken from Research Center, UTHM. While, testing 
that was carried out in this research is California Bearing Ratio (CBR) test. 
 
3.2.1 Envirotac 
 
Envirotac is a form of acrylic polymer that act as a soil stabilizer. Envirotac 
commonly in liquid form and it is white colour. This emulsion binds the 
soil particle all together during drying process by producing a clear plastic 
and resin bond. In addition, Envirotac also confirmed as non-toxic, non- 
hazardous, environmentally safe dust control which is concentrated liquid 
format and finally cured in solid state [6]. Despite all that, Envirotac is still 
examined as a new material in the construction sector. Figure 1 shows 
Envirotac, soil stabilizer in liquid form. 
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Fig. 1 Envirotac emulsion 
 
 
3.2.2 Soil sample preparation 
 
All of the soil sample preparation for this research are compiled to [7] and 
ASTM D1997 Standards. Generally, the clay soil sample will be mixed with 
different percentages of Envirotac and different curing period. This sample 
undergo several tests to determine its effectiveness and performance of 
stabilised clay soil. Table 1 shows sample preparation data. 
 
Table 1 Sample preparation data 
 
Type of 
soil 
Additives Number of samples (Unsoaked and 
soaked) 
0 days 7 days 14 days 
Clay Soil 100% clay soil 2 2 2 
95% soil + 5% 
Envirotac 
2 2 2 
90% soil + 10% 
Envirotac 
2 2 2 
85% soil + 15% 
Envirotac 
2 2 2 
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Atterberg limit are used to determine the water content corresponding 
to different state of soil. In this research, Atterberg limit test are only 
carried out for original clay soil. The testing that conducted for this study 
is moisture content (MC), liquid limit (LL) plastic limit (PL) and the 
Plasticity index (PI). 
 
Proctor compaction test are used to obtain or evaluate the properties of 
soil compaction especially in determining the optimal water content 
whereas soil can reach its maximum dry density. 
 
CBR test is used to evaluate the strength soil involve with load-
deformation curve of soil according to clause BS 1377: Part 4: 1990. 
Generally, at given rate CBR test will penetrate cylindrical plunger with 
standard cross-sectional on the sample. Generally, CBR test is conducted 
in 2 conditions which is soaked to represent wet condition and unsoaked 
condition to represent dry condition. Figure 2 shows the CBR test on the 
sample. 
 
 
 
Fig. 2 CBR test on the sample 
 
 
3.3 Results and discussion 
 
Soil sample was classified as per USCS based on the index properties of 
the soil. Based on the results of the tests conducted in the laboratory, it 
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is found that the moisture content of the soil is 27 %. While the plastic 
limit value is 29.27% and liquid limit is 50.9% as shown in Table 2 and Figure 
3. From the data, soil sample can be classified as clay due to its high value 
of liquid limit and plastic limit along with its plasticity index which is 22% 
that is more than 17%. . Based on USCS classification of soil at RECESS 
UTHM was high plasticity clay (CH). [8] 
 
Table 2 Results of plastic limit test  
 
Sample 1 2 
Mass of Can + Moist Soil, Mcws  (g)               63.84 64.08 
Mass of Can + Dry Soil, Mcs, (g) 61.51 61.51 
Mass of Can Mc  (g)        53.33 52.96 
Mass of Dry Soil, Ms (g) 8.18 8.55 
Mass of water, Mw (g) 2.33 2.57 
Water content,w (%) 28.48 30.05 
Plastic limit (%) 29.27 29.27 
 
 
 
 
Fig. 3 Liquid limit value 
 
 
For determining optimum moisture content and maximum dry density, 
water at 15%, 20%, 25% and 30% were added with the soil sample and 
then compacted. This test was carried out on the original soil only. As 
shown in Figure 4, the optimum moisture content (OMC) of Recess clay 
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soil was determined to be 24% and maximum dry density was found to be 
1.40mg/m3. 
 
 
Fig. 4 Optimum moisture content value 
 
 
3.3.1 Analysis of California Bearing Ratio with Envirotac for 
unsoaked condition  
 
CBR test was performed on the original clay soil sample and the cured 
clay soil sample with different percentages of stabilizer which are 5%, 10% 
and 15% Envirotac and were cured for 0, 7 and 14 days curing period at 
unsoaked and soaked condition. 
 
Figure 5 shows a graph between CBR and different percentage of 
Envirotac at 0, 7,14days. Based on the result, the CBR value for untreated 
soil and stabilized soil on 5%,10% and 15% Envirotac were determined and 
have found the higher CBR value is on unstabilized clay soil (without 
Envirotac) which is 16.1%, And then followed by 5% Envirotac with 14days 
curing period with CBR value 14.26%. CBR value for untreated soil is 
greater than stabilized soil. Initial observation show that the Envirotac 
treatment seem not to work well with clay soil. 
 
From Figure 6, it can be concluded, the CBR strength increase if the Dry 
density of the soil increase. This is because the higher the dry density of 
the soil the denser the soil thus more strength. From the graph it can be 
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seen that at 0%, 5%, 10% and 15% Envirotac on curing period 0,7 and 14 
days, 0% Envirotac which is 100% of clay soil has the highest CBR and dry 
density value which is 16.1% and 1.27 gm/cm3 respectively. 
 
 
 
Fig. 5 Relationship between CBR and Envirotac at different curing period 
for unsoaked samples. 
 
 
 
 
Fig. 6 Relationship between CBR and dry density of unsoaked samples 
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3.3.2 Analysis of California Bearing Ratio with Envirotac for 
soaked condition  
 
Figure 7 shows a graph plotted between CBR and different percentage of 
Envirotac at 0,7 and 14days. Based on the result at 0 days, the CBR value 
for untreated soil and stabilized soil on 5%,10% and 15% were determined 
and found to be 2.41%, 3.33%, 2.76% and 1.33% respectively. While at 7 
days, the strength of CBR for stabilized soil decrease at 5% and 10% which 
is 2.6% and 2.07% respectively compare to 0 days. Then at 14 days the 
strength of CBR for stabilized soil slightly increases compare to 0 days and 
7 days. It can be concluded that, the higher CBR value is on 5% Envirotac 
which is 3.48%, then followed by 10% Envirotac which is 3.11%, the 
stabilizes soil on 5% Envirotac also produces a higher CBR value than the 
pure clay soil. This shows that the Envirotac is suitable to be use as a 
stabilizer in clay soil for soaked condition. 
 
Meanwhile form figure 8, it can be concluded that the CBR strength are 
higher on 5% Envirotac at 14 days curing period which are 3.48% at 1.06 
gm/cm3 dry density. The data also shows that, the dry density of stabilized 
soil is decrease as the percentage of Envirotac added on the soil increase. 
 
 
 
 
Fig. 7 Relationship between CBR and Envirotac at different curing period 
for soaked samples. 
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Fig. 8 Relationship between CBR and dry density of soaked samples 
 
 
3.4 Discussion on the results 
 
Table 3 shows the summary result of CBR for soaked and unsoaked 
condition, with different percentage of Envirotac and curing period. 
Unsoaked CBR samples gives higher value compared to soak CBR soil. For 
unsoaked condition, 5% and 10% Envirotac CBR value achieve the 
minimum CBR value for subgrade layer requirement according to JKR 
standard. While for soaked condition, only 5% Envirotac is achieve the 
minimum requirement. However, for soaked condition the CBR value at 
5% is higher than 100% soil (unstabilized soil), it can be seen that with the 
presence of water Envirotac had a little bit improvement on soil. The 
strength of CBR also increase when the amount of Envirotac used are less 
Thus, for unsoaked condition the clay soil (without Envirotac) produces a 
higher CBR value than the soil with Envirotac. 
 
Overall summary from the test conducted at 0, 7 and 14 days, it can be 
seen that the strength of CBR increases more when the curing time is 
longer which is at 14 days. In addition, the strength of CBR also increase 
when the amount of Envirotac used are less which is 5%. Thus, the clay 
soil (without Envirotac) produces a higher CBR value than the soil with 
Envirotac. Hence, the unstabilized clay soil performs better in the test. 
This shows that the Envirotac is not suitable to be use in clay soil, in other 
words Envirotac does not mix well with the clay soil as stabilizer in 
subgrade. 
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This can be explained from the test observation and other scientific 
research. The strength of CBR for Pure Clay soil is higher than Envirotac 
mix with clay, this is because of the moisture content, the higher the 
moisture content, the lower the CBR value. By visual observation during 
laboratory work, shows Envirotac clump together at soil thus leaving 
random voids in the clay soil. The voids make the CBR value decrease as 
it is easier to penetrate the clay. 
 
Another reason that cause the CBR result affected is by the application 
method. In this research, the application of clay soil mixed with Envirotac 
is by using mixing method, however according to Federal Highway 
Administration a mixed in application are less susceptible than sprayed-on 
application, this can affect the CBR strength. For Envirotac or also can be 
called acrylic polymer, a spraying method on a surface of soil is the 
effective method. In addition, Envirotac or Acrylic Polymer emulsion also 
take approximately 30 days to cure completely and develop their full 
strength [9]. While, in this research the maximum curing time is only 
14days, which is less than the recommended curing time, thus the ultimate 
strength cannot be determined. 
 
Table 3 Summary of CBR value for unsoaked and soaked condition 
  
Mixture 
percentage 
CBR value (%) CBR value 
(%) 
according to 
JKR 
standard 
Unsoaked Soaked 
0 7 14 0 7 14 
100% soil 16.1 16.1 16.1 2.4 2.4 2.4 A minimum 
CBR for 
subgrade 
layer is 3 – 
5% 
95% soil + 5% 
Envirotac 
9.2 9.46 14.26 3.33 2.46 3.48 
90% soil + 
10% Envirotac 
3.8 3.91 6.44 2.76 2.07 3.11 
85% soil + 
15% Envirotac 
1.22 1.38 1.96 1.33 1.49 1.49 
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3.5 Conclusions 
 
From the test and analysis, some conclusions have been: 
 
i. It is found that the soil at RECESS, UTHM can be classified as high 
plasticity clay due to its high moisture content, liquid limit and 
plasticity index. 
 
ii. The suggested suitable ratio of mixture is, 95% soil + 5% Envirotac as 
the result is the closest to the minimum requirement from JKR which 
is 3-5% of CBR rating. The study also showed that the CBR value 
reduced by increment amount of Envirotac in the clay soil mixture 
thus lowering the strength of soil.  
 
The value of CBR soil mix Envirotac increase with curing time but 
decrease with the increment amount of Envirotac added into the clay soil. 
In conclusion, clay soil does not work well with Envirotac as the result 
shows the CBR values is much higher on unstabilized soil (without 
Envirotac) than stabilized soil (with Envirotac). 
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Chapter 4 
 
Pedestrian route choice of vertical facilities at 
KLCC underground train station 
 
Tee Xin Lei, Nur Sabahiah Abdul Sukor, Noorhazlinda Abd Rahman, Munzilah Md Rohani 
and Sitti Asmah Hassan 
 
 
4.1 Introduction 
 
Route choice is the pedestrian’s decision of optimal path between an origin 
and a destination among a set of alternatives. Pedestrian route choice is 
dissimilar with drivers’ route choice as the pedestrians have higher degree 
of freedom and randomness in choosing routes. Meanwhile drivers route 
choice always constraint of direction for maneuver, space of movement, 
fixed road and has restricted traffic rules. The understanding on pedestrian 
route choice behaviour is necessary for planning and design of pedestrian 
walking facilities especially in rail transit stations that serve thousands of 
daily ridership.  
 
LRT Kelana Jaya Line has recorded the highest ridership among the 
existing rail transit in Klang Valley [1] and has the most direct impact from 
the Malaysia government with the effort of improving rail network system. 
Recent projects that have been launched include Light Rail Transit (LRT) 
Line Extension Project (LEP) connecting Ampang Line and Kelana Jaya Line 
by Putra Heights Station as interchange [2] as well as Klang Valley Mass 
Rapid Transit Project (KVMRT) which is MRT Line 1, Sungai Buloh to 
Kajang Line (SBK Line) [3]. Government’s initiative on public transport 
results in 12% of the overall daily ridership for existing urban rail in 2017 
comparing to 2016 and even reached 30% after opening of MRT full line 
and the remarkable increment has happened at LRT Kelana Jaya Line with 
26% increase of daily ridership [1]. In addition to that, Kelana Jaya 
Additional Vehicle (KLAV) project has added new generation trains to LRT 
Kelana Jaya Line to reduce the waiting time and increase passenger 
capacity by 20% [4]. 
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Growing of ridership of LRT Kelana Jaya Line must be supported by 
efficient facilities in train station that meet the demand of riders to ensure 
fluent flow of pedestrians without any congestion at the bottlenecks. The 
stairway and escalator are the bottlenecks at underground platform level 
that determine a train station capacity due to their lowest capacity in the 
station [5]. If similar route is taken by pedestrians to egress from 
underground platform via vertical facility, this causes pedestrians crowded 
the entrance of vertical facility and results in congestion [6]. Pedestrians 
should be distributed over different routes in the station to optimize the 
efficiency of facilities and ensure the pedestrian comfort, therefore 
encouraging use of public transport. 
 
KLCC underground train station that serves LRT Kelana Jaya Line is 
located beneath a shopping mall, Avenue K. This underground train station 
has a pedestrian subway connecting to Suria KLCC and to the rest of 
commercials, retails, business and financial centers, hence it has become 
one of the busiest train stations, serving more than 37,000 daily ridership 
according to the report provided by Prasarana Sdn. Bhd. The number of 
ridership at train station will increase if KLCC Convention Centre hold 
functions. In addition, MRT Line 2, Sungai Buloh-Serdang-Putrajaya Line 
(SSP Line) will commence service on July 2022 and one of its underground 
station, KLCC East MRT Station will be located a short distance from 
KLCC LRT underground train station [7]. It is believed to boost the 
ridership of KLCC LRT underground train station after its 
commencement of service. Hence, the existing facilities in KLCC LRT 
underground train station should be reviewed and evaluated.    
 
The passengers composed of office workers and visitors has caused 
congestion at the underground platform level and the congestion situation 
is even worse during peak hours. The excessive demand of pedestrians to 
egress the underground station via vertical facilities caused these 
bottlenecks overflowing with pedestrians especially at the entrance of 
escalator. The route choice of pedestrians to egress could have 
contributed to the excessive demand on one of the vertical facilities at 
underground platform level. Therefore, the study on the route choice of 
pedestrians from each train door to the egressing vertical facilities should 
be conducted to review whether the existing layout of KLCC 
underground station influences the route choice of pedestrians. 
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The common route taken by the pedestrians causes overcrowding and 
leads to congestion which in turn incurring additional pedestrians’ walking 
costs at underground train station. Additional walking costs was stemmed 
from delay of pedestrians caused by reduced walking speeds due to high 
pedestrian densities [8]. Therefore, it is interested to investigate the delay 
time caused by the route choice of pedestrians to egress via vertical 
facilities during peak hours and non-peak hours. 
 
In a nutshell, the investigation of the route choice of pedestrians to egress 
the underground platform level via vertical facilities can review the existing 
layout of KLCC LRT underground train station and help the station 
operators to have better understanding of pedestrian behaviours inside 
underground station. 
 
 
4.2 Methodology 
 
The Pedestrians Following Survey was carrying out from 12nd March to 
15th March 2018 at peak hours and non-peak hours which were selected 
by referring to hourly ridership report provided by Prasarana Sdn. Bhd as 
shown in Table 1.  
 
Table 1  Timetable for pedestrian counting 
 
Peak Hour Time Non-Peak 
Hour 
Time 
Morning 7.00 – 10.00 am Morning 10.00 – 12.00 pm 
Noon 12.00 –2.00 pm Afternoon 2.00 – 5.00 pm 
Evening 5.00 – 8.00 pm - - 
 
During surveying, the enumerators followed random pedestrian once the 
pedestrian alighted from the train until the pedestrian reached concourse 
level. Pedestrian route choice of using stairway and escalator as well as 
the walking path to facilities were observed and recorded during survey. 
The pedestrian’s travel times were measured by stopwatch and recorded 
into two sections which were the walking time between train door to the 
entrance of stairway or escalator and the walking time on the whole 
section of stairway or escalator. Hence, pedestrian proportion using 
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vertical facilities with respect to each of the train door and pedestrian 
walking speed at platform and vertical facilities can be determined using 
Equation (3) whereby the walking length of stairway and escalator were 
calculated by Equations (1) and (2) respectively and walking length at 
platform was determined from layout of platform level as exhibited in Fig. 
1. 
 
𝐿 (𝑚) = 2(𝑙𝑠 cos 30°) + 𝑙𝐿    (1) 
 
𝐿 (𝑚) =
ℎ
sin 30°
+ 2𝑙𝑒     (2) 
 
𝑣 (𝑚/𝑠) =  
 𝐿 (𝑚)
 𝑡 (𝑠)
      (3) 
 
 
where L is distance travelled, 𝑙𝑠 is length of stairway, 𝑙𝐿 is the length of 
landing, ℎ is the difference in floor height, 𝑙𝑒 is the length of horizontal 
area at escalator, s is length of stairway, v is the pedestrian walking speed 
and t is the time travelled. 
 
 
Fig.1 Layout of platform level 
 
The calculated walking speeds at platform level and at vertical facilities 
were used to construct cumulative frequency table for the input of desired 
speed distribution, a main parameter in Viswalk. 
 
The verification and validation of Viswalk to determine whether the 
specific settings were required to reproduce the expected result that 
agreed with the observations. Verification tests adopted from study of 
Henningsson and Blomstrand Martén [9] and involved walking speeds at 
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platform level, stairway and escalator as well as delay time. Verification of 
escalator performed in two conditions: (1) pedestrians stood on moving 
escalator; (2) pedestrian walked with 0.5m/s with moving escalator. 
Cumulative mean from the results was calculated after each simulation run 
and the convergence measure was evaluated by two consecutive 
cumulative means as shown in Equation 4. CM was the cumulative mean 
and N was the number of simulation run. The criterion convergence 
should be 1% or less than 1% as these verification tests were to check any 
potential discrepancy in the results. 
 
𝐶𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 (%) = |
𝐶𝑀𝑁−𝐶𝑀𝑁−1
𝐶𝑀𝑁
|  (4) 
 
Validation test was conducted by comparing the result of the simulation 
using default settings and specific settings to the real-life data which 
available from video footage recorded at KLCC underground station (27th 
to 29th Jan 2015) and hence test the accuracy of settings to represent the 
real situation in KLCC underground station. The simulation involved 
pedestrian alighting from train and egress to concourse level via vertical 
facilities. The method of determining number of simulation runs was 
similar with verification tests.  
 
After validation tests had been done, the settings that able to obtain the 
most accurate results were used to simulate again to extract delay time of 
pedestrians when egressing. The delay time was extracted into 3 
categories, which were overall delay time, delay time when walking at 
platform level as well as delay time when walking at vertical facilities. This 
simulation was performed to determine whether the route choice of 
pedestrians to egress would influence delay their travel time. 
 
 
4.3 Results and discussion 
 
4.3.1 Pedestrian proportion of using vertical facilities with 
respect to train doors at platform level 
 
The great distance between entrances of escalators and stairways which 
was estimated 31.1m had promoted the use of stairways with 
approximately more than 45% of pedestrians were recorded choosing 
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stairways to ascend. During data collection at train station, pedestrians 
would not switch their choice of vertical facility when the entrance of 
facility was congested, they just queued and waited for boarding to facility. 
The results showed that pedestrians at the underground train station 
preferred to use the vertical facility that is nearer to their respective train 
doors due to the shortest path, except the passengers that alighted from 
the middle section of train and tended to egress with escalators over 
stairways as shown in Fig. 2. This resulted in the percentage usage of 
escalators (52.3%) was higher than stairways (47.7%). Effort of climbing 
stairs might have demoted the pedestrians to use stairways as the floor 
difference of train station was 4.9m which considerably high.  
 
None of the doors had almost similar pedestrians proportion of using 
stairways and escalators as doors B3 of Platform 1 and C1 of Platform 2 
as shown in Fig. 2. One of the reasons might due to the narrow passage 
leading to the facility with less than 4m width which need to cater large 
numbers of arrival pedestrians, it was faster, easier and efficient for the 
pedestrians following crowd movement egressing platform instead of 
countering the massive flow going to another vertical facility which could 
take more time to egress. Hence, this suggested that pedestrians flow in 
passage between the platform edge and vertical facility had restricted the 
freedom of pedestrian route choice to egress. The locations of doors B3 
of Platform 1 and C1 of Platform 2 were near to the middle hallway of 
platform which reserved them amber space to decide which crowd they 
can follow. In addition, there was no movement flow to stairways after 
doors B3 of Platform 1 and C1 of Platform 2 as they all went for escalators. 
Hence, the pedestrians can freely choose the path to ascend. 
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(a) Morning peak hours (7.00 am – 10.00 am) 
 
 
(b) Morning non-peak hours (10.00 am – 12.00 pm) 
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(c) Afternoon peak hours (12.00 pm – 2.00 pm) 
 
 
(d) Afternoon non-peak hours (2.00 pm – 5.00 pm) 
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(e) Evening peak hours (5.00 pm – 7.00 pm) 
 
Fig.2 Proportion of pedestrians using vertical facilities during peak hours: 
(a) Morning peak hours; (b) Afternoon non-peak hours; (c) Afternoon 
peak hours; (d) Afternoon non-peak hours; (e) Evening peak hours 
 
Overall, the route choice of pedestrians was similar during all survey time 
except morning non-peak and afternoon peak hours. This could be the 
sample size collected was small due to the low frequency of train during 
these two survey times. In the other hand, high frequency trains occurred 
during morning peak and evening peak hours, thus larger sample size was 
collected and more representable as pedestrian route choice at KLCC 
underground train station. 
 
 
4.3.2 Verification and Validation 
 
The result of verification tests – walking speed at platform level, stairway 
and escalator were shown in Table 2 and Table 3. The simulation ran 10 
times only as the convergence measure maintained below 1% and hence 
showed that no discrepancy in the result. In short, Viswalk able to 
reproduce and maintain the pedestrian walking speed along the walking 
facilities. 
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Table 2 Result of verification test 
 
Verification test Defined 
walking speed 
Mean 
simulation 
speed (m/s) 
Percentage of 
difference (%) 
Walking speed 
at platform level 
1.85 1.83 1.08 
 
 
Table 3 Result of verification test 
 
Verification test Expected 
travel time 
(s) 
Mean travel 
time (s) 
Percentage of 
difference (%) 
Walking speed at 
stairway 
18.48 18.54 0.87 
Walking speed at 
escalator 
   
-pedestrian 
stationary 
23.90 23.77 0.54 
-pedestrian walked 11.87 11.95 0.67 
 
Verification test – delay time was conducted to examine the ability of 
Viswalk to simulate pedestrian behaviour when the pedestrian density was 
high. The result that showed in Fig. 3 indicating pedestrians reduced in 
speed and incurred delay in time that determined from the difference 
between actual speed and assigned speed. The pedestrian walked ahead of 
the pedestrian group experienced less or no delay whereas the last 
pedestrian walked behind the pedestrian group had the maximum delay 
time, 21.7s. In conclusion, Viswalk able to simulate the interaction of high 
density pedestrians which caused decrease in delay time. 
 
Validation was performed for both platforms for all survey times. Default 
settings used the standard settings of Viswalk whereas specific settings 
involved adjustment of parameters and defined walking speed according 
to data collected. However, it was found that walking speed during peak 
hours unable to represent the pedestrian behaviours in KLCC 
underground station, therefore non-peak hours walking speed was used 
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instead. The result of validation is shown in Table 4. The specific settings 
produced the most accurate results were used to obtain the pedestrian 
delay time. 
 
Fig. 2 Histogram of delay time 
 
 
Table 4 Result of validation test 
 
Validation test Percentage Difference (%) 
Input settings Total time egress via 
stairway 
Total time egress via 
escalator 
Default 4.86 - 36.72 1.56 – 13.74 
Specific 1.86 – 9.55 1.59 – 7.26 
 
 
4.3.3 Delay Time of Pedestrian when Egressing via Vertical 
Facilities 
   
Delay is loss of time due to traffic congestion. The entrance of escalator 
was always observed to have crowded with pedestrians even during non-
peak hours, however, the average total delay time experienced by 
pedestrian did not much longer than pedestrians egressed with stairway 
as shown in Fig. 3. Therefore, the total delay time should be further 
analysed and divided into delay time experienced at platform level and at 
vertical facilities. 
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Fig. 3 Average pedestrians total delay time during peak and non-peak 
hours 
 
Fig. 4 indicated pedestrians moved towards escalators experienced more 
delay time than moved towards stairways at platform level. This result was 
explainable with the congestion happened at the entrance of escalators as 
more than half of the pedestrians preferred to use escalator to egress 
platform level. Some of pedestrians choose to stand on left side of 
escalator and the right side was the walking pedestrians. The stationary 
pedestrians decreased the efficiency of escalator transferring people to 
concourse level and even consequently caused the pedestrians at the 
upstream queued and congested at entrance, hence, delay was incurred. 
This implied similar route choice of vertical facility incurred high delay in 
time. 
 
However, Fig. 5 depicted pedestrians walked at stairways experience 
higher delay time those used escalators that had uniform operating speed. 
At stairways, the pedestrians walked at the downstream of the group 
hindered the pedestrians at upstream from walking with desired speed. 
The average delay time at stairways for other survey times was even higher 
than morning peak hours which the ascending pedestrians number was the 
highest. During morning peak hours, the pedestrians tended to occupy to 
both stairways to faster ascend, thus distributed almost equally number of 
pedestrians to both stairways. In contrast, when the pedestrian density 
was low, the pedestrians likely to use stairway nearer them, therefore one 
of the stairways would be occupied with more pedestrians, the other 
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stairway could be just few pedestrians or even no pedestrians. Therefore, 
the average delay time for the stairways occupied with more pedestrians 
was similar and even higher than the morning peak hours as the pedestrian 
density could probably alike. 
 
 
Fig. 4 Average pedestrians delay time at platform level during peak and 
non-peak hours 
 
 
 
Fig. 5 Average pedestrians delay time at vertical facilities during peak and 
non-peak hours 
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In conclusion, the delay time at stairways dictated the total delay time of 
pedestrians using stairways while delay time walking towards escalators 
governed the total delay time of pedestrians using escalators. Similar 
pedestrian route choice of vertical facility caused pedestrians crowded at 
entrance of facility and incurred higher delay time when pedestrians 
walking at platform level.   
 
4.4 Conclusion  
 
This study simulated the route choice behaviour of pedestrians to egress 
via stairways and escalators at KLCC underground train station to obtain 
delay time experience by pedestrians.  
 
Pedestrians of KLCC train station preferred to egress with nearer vertical 
facilities due to shortest path. The pedestrians alighted from train doors 
located at middle of platform hall chose between stairways and escalators, 
thus overall 47.7% of the pedestrians using stairways and 52.2% of 
pedestrians choosing escalators. The passage leading to entrance of 
vertical stairways had suspected to have restricted the freedom of 
pedestrians choosing further vertical facility as they had to encounter the 
massive pedestrians flow in this limited space. 
 
Verification tests proved the ability of Viswalk to reproduce the defined 
settings and simulate the pedestrian interaction with large number of 
pedestrians. The result showed no discrepancy. Validation tests was 
performed before carrying out simulation. The specific settings with 
adjustment of walking speed and walking behaviour in Viswalk produced 
results which is the closest with the real total egress time of pedestrians 
at KLCC train station with difference ranging from 1.59% to 9.55%. The 
non-peak hours walking speed was used to replace peak hours walking 
speed as influence of social force model used in Viswalk caused the peak 
hours speed even slower. 
 
The delay time extracted from simulation discovered that the route choice 
of pedestrians to egress giving impact to the delay time of pedestrians 
when walking at platform level. Average delay time experienced by 
pedestrians walking towards escalator was longer than walking towards 
stairways for all survey times as more than half of pedestrians chose 
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escalator to egress. However, route choice of pedestrians did not 
influence on total delay time pedestrians experience when egressing from 
platform level. 
 
This dissertation focused on the route choice egressing the platform level 
via vertical facilities and its impact which represented as delay time 
experienced by pedestrians. Future study could focus on study of route 
choice of pedestrians egress the concourse level via faregates and route 
choice of pedestrians entering via faregates as well as descending via 
vertical facilities at KLCC underground train station, therefore whole train 
station can be simulated and study the effectiveness of existing facilities as 
well as can be used as renovation planning tool. 
 
 
References 
 
[1] Government’s Initiative on Public Transport Results in Increased Ridership, Media 
Statement, (2017). Available from: < https://www.spad.gov.my/ms/pusat-media/ 
kenyataan-media/2017/governments-initiative-public-transport-results-increased-
ridership>. [8 February 2018]. 
[2] LRT Line & LRT Extension e-Map, KVMRT Research (2012). Available 
from:<http://kvmrt.info/lrt-line-lrt-extension-e-map/>. [16 January 2018]. 
[3] The MRT Sungai Buloh-Kajang (SBK) Line, MRT Corporation Sdn. Bhd., (2017). 
Available from: <https://www.mymrt.com.my/public/sg-buloh-kajang-sbk-line/>. [16 
January 2018]. 
[4] New Fleet to Increase Capacity by 20% on Kelana Jaya Line, (2016). Available from: 
<https://www.thestar.com.my/metro/community/2016/01/21/updated-trains-for-lrt-
new-fleet-to-increase-passenger-capacity-by-20-on-kelana-jaya-line/>. [4 March 2018]. 
[5] Campanella, M., Halliday, R., Hoogendoorn, S. and Daamen, W. (2013), Managing Large 
Flows in Metro Stations: Lessons Learned from the New Year Celebration in 
Copacabana. 16th International IEEE Conference on Intelligent Transportation Systems 
(ITSC 2013). IEEE, pp. 243–248. 
[6] Daamen, W., Bovy, P.H.L., Hoogendoorn, S.P., and Van de Reijt, A. (2005), Passenger 
Route Choice Concerning Level Changes in Railway Stations. In Transportation 
Research Board Annual Meeting (2005). Washington DC: National Academy Press, pp. 
1-18. 
[7] The MRT Sungai Buloh-Serdang-Putrajaya (SSP) Line, MRT Corporation Sdn. Bhd., 
(2017). Available from:<https://www.mymrt.com.my/public/sg-buloh-serdang-
putrajaya-ssp-line/>. [16 January 2018]. 
[8] Hoogendoorn, S. P., Van Wageningen-Kessels, F., Daamen, W., Duives, D. C. and Sarvi, 
M. (2015), Continuum Theory for Pedestrian Traffic Flow: Local Route Choice 
Modelling and its Implications. Transportation Research Procedia, 7, pp. 381–397. 
[9] Blomstrand Martén, J. and Henningsson, J. (2014), Verification and Validation of Viswalk 
for Building Evacuation Modelling. 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
56 
 
 
Chapter 5 
 
Adaptation to local driving norms among 
foreign students in UTHM 
 
Renukha Vegurgama, Kamarudin Ambak, Naida Rosli and Basil David Daniel 
 
 
5.1 Introduction 
 
Rate of accident occurrence and risk of foreign drivers increased because 
of poor knowledge regarding network of road in certain country, lack of 
understanding out the rules and laws of local traffic and inadequate od 
driving skills among foreign students under unknown condition. Higher 
accident risk of foreign drivers especially among foreign students 
compared to the Malaysian may further contributed by different of 
attitudes or behaviour towards road safety in which it results in driving 
behaviour.  
 
Transportation is very crucial in every phase of human civilization and help 
the development of a country particularly country which is developing 
rapidly like Malaysia. It has contributed much to the development of 
economic, social, politic and cultural fields. As of now, the quantity of 
private claim vehicles registered in Malaysia indicates expanding patterns. 
Poor public transportation system in Malaysia caused growth in private 
transportation usage between the years 1985-2005 [1].  
 
The Malaysian Ministry of Transport itself cites public transportation 
inefficiency at least partially for the low 19% mode share of the daily 
passengers’ commute [2,3]. Thus, private transportation has become the 
first of option since it is more comfortable, save time, has own privacy and 
can decide on choices of routes of destination compared to public 
transportation. Hence, private vehicle become number one and main 
mode of transportation in this country especially among students. As the 
consequence from this has led to traffic accident risk which might results 
in fatalities. Road accident is contributed by many causes. Traffic abuse and 
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road accidents are greater in young and middle aged male drivers for 
roughly 60% compared to female drivers. Driver’s age, individual features, 
patterns of travel and driving regimes influence driving behaviour [4]. 
Students are also categorized into young drivers. It is not only constraint 
to Malaysian local drivers but also to the foreign student who enrol in 
Malaysia Public Higher Education Institutions and Private Higher Education 
Institutions who have international license to drive on Malaysia road.  
 
Malaysia is among favourite education destination for international 
students [5]. Compared to twelfth position in 2014, Malaysia is ranked by 
UNESCO’s International Students Mobility Survey in ninth place in 2016. 
Referring to Higher Education Minister, this is proven that the number of 
international students in Malaysia is growing from 135,502 in year 2014 
and increasing into 170,068 in year 2017 [6]. 
 
A total of international graduates chooses to use a private vehicle and 
come into contact with Malaysia road network during their enrolment as 
students in Malaysia. There are possibilities that the foreign students to be 
involved in a number of road crashes that results in traffic accident and 
severe injuries that cause fatality. The driver may be faced few challenges 
on Malaysian road. The drivers’ behavior in driving mainly influenced by 
unrecognized road signs which are in unfamiliar language, different 
guidelines, regulations of traffic and also unexperienced road condition in 
Malaysia which might be totally different than their origin country [7].   
 
Road accidents involving foreign drivers are caused by internal factors such 
as driver control and vehicle conflicts plus external factors like type of 
vehicles and road condition [8]. It is very crucial for the international 
student to learn, adapt and change their driving styles according to 
Malaysia rules and law. For enhanced planning purposes, knowledge and 
understanding about driver’s behavior adaptation in driving can also be 
beneficial in dropping number of accidents in our country, thus reduce 
deaths each year. Therefore, a study or research method related to 
adaptation behavior to local driving norms is required. 
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5.2 Methodology 
 
A research design is required because it facilitates the smooth sailing of 
the various research operations, thereby making research as well-
organized and efficient as possible yielding maximal information with 
minimal spending of effort, time and money [9].  
 
5.2.1 Sample size  
 
The overall population of foreign students currently enrolling in UTHM is 
799 in year 2017. Sample size must be reasonably enough to analyse 
descriptive statistics, multivariate analysis and structural equation model 
[10]. The table of sample size suggested that confidence level 95% is 
appropriate and margin error of 5% is sufficient and the sample size (n) 
from table is 384. Based on previous study by [11] suggested that a 
minimum sample size of 200 is appropriate for any Structural Model. 
However, foreign students in UTHM who drive car is less than 100 
students. Therefore, for this study a total sample size of 76 were 
determined. 
 
5.2.2 Instrument and Measurement 
 
The most important part of this study was to design the questions of 
adaptation of driving behavior among foreign students. A questionnaire of 
foreign students and TPB was developed based on previous study [12], 
consisting of 3 sections:  
 
Section A: Demographics. The type of data recovered from demographic 
information such as respondent’s background, knowledge and experiences 
of driving.  
 
Section B: Perception of Adaptation Behaviour to Local Driving norms. 
The respondents were asked about comfort ability, level of knowledge 
regarding rules of driving in Malaysia, condition of road and their behaviour 
adaptation towards local driving norms. The respondents were instructed 
to tick the scale based on their opinions. 
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Section C: Attitude towards Adaptation of Local Driving. The 
questionnaire was created based on few theories like Theory of Reasoned 
Action and Theory of Planned Behaviour.  
 
The components are intention, attitude, perceived behavioural control, 
social norms, intention and behaviour. In this study, the independent 
variables were the factors whereas the dependent variables were 
challenges on Malaysian road and adaptation behaviour.  
 
The questionnaire was administered by a group of foreign students from 
the selected location. The aim of the respondents was foreign students 
who drives car to UTHM. Data was analysed using descriptive statistics 
which provide simple summaries about the sample or data collection that 
was made in terms of variables. Further analysis of the data using chi-
square test and correlation analysis studies were conducted in order to 
study the relationships between independent variables and dependent 
variables from the questionnaires based on Theory of Planned Behaviour. 
All the data were analysed using statistical software packages (SPSS) 
version 23.  
 
 
5.3 Analytical methods 
 
5.3.1 Descriptive statistics 
 
Descriptive statistics provide simple summaries about the sample or data 
collection that was made in terms of variables. Such summaries may be 
either quantitative, such as summary statistics, or visual, and for example 
simple-to-understand graphs. These summaries may either form the basis 
of the initial description of the data as part of a more extensive statistical 
analysis, or they may be sufficient in and of themselves for a particular 
investigation. In this study, central tendency that determined was mean 
whereas variability tested was standard deviation. The mean score of the 
variables determined whether the variables are significant to each other 
or not. 
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5.3.2 Chi-square test 
 
Chi-square test was tested to determine whether two categories of 
classification are independent to each other. The null hypothesis of the 
Chi-Square test is that no relationship exists on the categorical variables 
in the population; they are independent. At the 0.05 level of significance 
for a 2 ×2 table, the value of chi-square test obtained should be 3.84. If it 
is equal and more than 3.84, it indicates that there is significance difference 
between two categories. Cross tabulation presented the distributions of 
two categorical variables simultaneously, with the intersections of the 
categories of the variables appearing in the cells of the table. 
 
The Test of Independence assessed an association existed between the 
two variables by comparing the observed pattern of responses in the cells 
to the pattern that would be expected if the variables were truly 
independent of each other. This test should not be used if the numbers in 
the cells are too small and the smallest frequency is less than 5, or if N is 
less than 20. The chi-square test was also used to judge the association 
between two variables. Both variables are quantified first in order to 
determine association. Variables involved is dependent and independent 
variable. Independent variables are variables that stands alone and cannot 
be changed by other variables that are measured whereas dependent 
variables depend on independent variables. 
   
5.3.3 Correlation analysis 
 
A correlation exists between two variables when one of them is related 
to the other in some way. Correlation coefficient is statistics that express 
the degree of the fit of the data to a line and the type of relationship (direct 
or inverse) [13].  
 
The coefficient of Pearson correlation measures the strength and direction 
of a linear relationship between the two variables. The symbol for Person 
correlation coefficient if r. The correlation coefficient always takes a value 
between -1 and 1 with 1 or -1 indicating perfect correlation (all points 
would lie along a straight line in this case). A positive correlation indicates 
a positive association between the variables (increasing value in one 
variable correspond to increasing values in the other variable), while a 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
61 
 
 
negative correlation indicates a negative association between the variable 
(increasing values in one variable correspond to decreasing values in the 
other variable).  
 
A correlation value close to 0 indicate no association between the variable 
[12]. Weak relationship between two variables determined when 0 < r < 
0.5 and strong relationship for 0.5 < r < 1.0 [15]. In this analysis, the 
variable that were used to measure correlation are attitude, subjective 
norms, perceived behavioural control, intention and behavior.  
 
 
5.4 Results and discussion 
 
5.4.1 Demographic analysis 
 
Figure 1 shows the experience driving in Malaysia by the foreign students 
in UTHM. The outcome revealed that 38.16% (29 respondents) drive less 
than 1 year in Malaysia, followed by 23.68% (18 respondents) drive for 3- 
4 years.  21.05% (16 respondents) drive in Malaysia for about 1-2 years 
and last category drive more than 5 years with 17.11% (13 respondents). 
 
Fig 1: Experience of Driving in Malaysia by Respondent 
 
Figure 2 shows the experience of driving in respective origin country by 
the foreign students. The outcome tells that 57.89% (44 respondents) 
drive more than 5 years in their origin countries. The second highest of 
respondents of 25% (19 respondents) claimed that they drive less than a 
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year followed by 14.47% (11 users) who drive for 3- 4 years and 2.63% (2 
respondents) drive for 1-2 years only. 
 
 
Fig. 2: Experience of Driving in Origin Country by Respondent 
 
 
5.4.2 Perception of adaptation of local driving norms 
 
Table 1 shows the mean score and standard deviation for perception of 
adaptation of local driving norms among international students. The mean 
score value for this section ranged between 3.83 to 4.21.  As for the first 
item which is the experience of driving has mean score 4.16 (44.74%, 
good) whereas mean score of knowledge regarding traffic laws in Malaysia 
has the lowest mean score of 3.83 (46.05%, good). The usage of signal to 
turn has the highest mean score among all which is 4.21 (51.32%).   
 
Next, rating of driving skills mean score is 4.00 (47.37%). Mean scores for 
perception of driving law in Malaysia and comfort ability driving on 
Malaysian road is 4.04(38.16%, excellent) and 4.01(42.11%, good) 
respectively. Lastly, item for strict enforcement of law in Malaysia has 
mean score of 4.07 (39.47%, excellent).  
 
Parit Raja is suburban area and still developing gradually. In relation to road 
safety, it is important that people perceive that such accidents can be 
avoided by conducting proper actions such as obeying road traffic 
regulations [16]. Most of foreign students in UTHM have driving 
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experience less than a year. Thus, probability or chances of making 
mistakes on road is less due to short distance of travelling. 
 
Table 1: Descriptive Statistics Mean Score and Standard Deviation for 
Adaptation of Local Driving 
Items Mean 
Std. 
Deviation 
Experience Driving in Malaysia 4.16 .83 
Knowledge Regarding Traffic Laws in 
Malaysia 
3.83 .87 
Usage of Signal to Turn 4.21 .97 
Rating of Driving Skills in Malaysia 4.00 .85 
Perception of Driving Laws in Malaysia 4.04 .99 
Comfortability Driving on Malaysian Road 4.01 .86 
Strict Enforcement of Law in Malaysia 4.07 .97 
 
 
5.4.3 Chi-square analysis 
 
Table 2 shows factor of age which contribute to challenge faced and 
adaptation of behaviour by foreign students on Malaysian road. Result 
showed that students aged less than 30 years (40.8%) had faced challenges 
on road significantly higher (p< 0.05) compared to students aged more 
than 29 years (23.7%). This might happen when drivers needed to drive 
car at younger age to do their responsibilities. They might be unfamiliar 
with different road condition, signboard and low knowledge regarding 
Malaysian traffic rules.  
 
Besides that, results revealed that students aged below 30 years (36.8%) 
had difficulty in adapting behaviour of local driving in Malaysia meanwhile 
foreign student aged above 30 years (23.7%) can adapt driving behaviour. 
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However, the relationship between these variables was not significant due 
to (p> 0.05). 
 
Table 3 shows the results for education level that have consequences on 
challenges and behaviour adaptation of driving on Malaysian road by 
foreign students. Results revealed that PhD students (38.2%) had faced 
challenges while driving whereas PhD students (27.6%) did not face 
challenges driving in Malaysia. Nevertheless, the relationship between 
these variables was not significant due to (p> 0.05).  
 
Besides that, result showed that foreign students pursuing PhD (34.2%) 
had difficulty in adapting driving behaviour in Malaysia significantly higher 
(p< 0.05) compared to degree or master students (26.3%).  The reason 
for this might because of PhD students required to travel frequently for 
their research work and they might do not understand the signboard as it 
is written in Malay language. 
 
Table 4 show results for foreign student’s origin country which caused 
challenges and difficulty of adaptation of driving behaviour in Malaysia. The 
chi- square outcome showed students from Asia countries (28.9%) faced 
challenges compared to Middle East (27.6%) and Africa (22.4%). These 
variables are significant as (p< 0.05).  
 
As for adaptation difficulty, 25% students from Middle East opinionated 
that adapting driving behaviour in Malaysia is difficult compared to Asia 
(21.1%) and Africa (14.5%) with significance of (p< 0.05). Foreign students 
might be confused and lack of knowledge regarding Malaysia traffic laws as 
it may differ in their origin countries.  
 
Table 5 shows type of license that affects challenges while driving and 
adaption driving behaviour among foreign students. The outcome 
presented that 53.4% of foreign students with International Driving Permit 
confronted challenges driving in Malaysia compared to students with origin 
driving license with 13.7%. These variables are significant to each other as 
(p< 0.05).  
 
As for the second dependent variable which is the adaptation of driving 
behaviour, the outcome presented that 53.4% of foreign students with 
Sustainable Transportation Infrastructures: Series 2                                                                                                      ISBN: 978-967-2216-77-3 
 
65 
 
 
International Driving Permit had difficulty in adapting driving behaviour in 
Malaysia compared to students with origin driving license with 6.8%. These 
variables are significant to each other as (p< 0.05). The reason for this is 
driving skills among foreign students maybe low as they experienced 
unfamiliar road condition in Malaysia. 
 
Table 6 shows the consequences of driving experience in origin country 
that contribute to challenges faced and adaptation of behaviour of local 
driving by foreign students in Malaysia. The variables were analysed as in 
Table 4.9 which shows foreign students drive more than 5 years in origin 
country (42.1%) confronted challenges while compared to students with 
less than 5 years driving experience (36.8%). However, the variables are 
not significant as (p> 0.05).  
 
Meanwhile 39.5 % of foreign students with more than 5 years driving 
experience in origin country difficult to adapt local driving behaviour 
compared to students with less than 5 years driving experience (36.8%). 
The variables are significant as (p< 0.05). It can be reasoned as prevalence 
driving in origin country for such a long period which caused difficulties in 
adapting their driving style to Malaysia local driving norms. 
 
Table 2: Chi- square test between Age and Dependent Variables 
 
Age Challenges Total Adaptation 
Difficulty 
Total 
Yes No Yes No 
< 30 
years 
31  
(40.8%) 
10  
(13.2%) 
41  
(53.9%) 
28  
(36.8%) 
13  
(36.8%) 
41  
(53.9%) 
>29 
years 
18  
(23.7%) 
17  
(22.4%) 
35  
(46.1%) 
18  
(23.7%) 
17  
(22.4%) 
35  
(46.1%) 
Total 49 
(64.5%) 
27 
(35.5%) 
76  
(100%) 
46  
(60.5%) 
30  
(39.5%) 
76  
(100.0%) 
Challenge (χ2 =4.820, df= 1, p=0.028)    Adaptation (χ2=2.248, df=1, p=0.134) 
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Table 3: Chi- square test between Education Level and Dependent 
Variables 
Education 
Level 
Challenges Total Adaptation 
Difficulty 
Total 
Yes No Yes No 
Degree/ 
Master 
20 
(26.3%) 
6 
(7.9%) 
26 
(34.2%) 
20 
(26.3%) 
6 
(7.9%) 
26 
(34.2%) 
PhD 29 
(38.2%) 
21 
(27.6%) 
50 
(65.8%) 
26 
(34.2%) 
24 
(31.6%) 
50 
(65.8%) 
Total 49 
(64.5%) 
27 
(35.5%) 
76 
(100%) 
46 
(60.5%) 
30 
(39.5%) 
76 
(100%) 
Challenge (χ2 =2.674, df= 1, p=0.102)   Adaptation (χ2=4.447, df=1, p=0.035) 
 
 
Table 4: Chi-square test between Origin Country and Dependent 
Variables 
Origin 
Country 
Challenges Total Adaptation Total 
Yes No Yes No 
Asia 22 
(28.9%) 
3 
(3.9%) 
25 
(32.9%) 
16 
(21.1%) 
9 
(11.8%) 
25 
(32.9%) 
Africa 17 
(22.4%) 
10 
(13.2%) 
27 
(35.5%) 
11 
(14.5%) 
16 
(21.1%) 
27 
(35.5%) 
Middle 
East 
21 
(27.6%) 
3 
(3.9%) 
24 
(31.6%) 
19 
(25.0%) 
5 
(6.6%) 
24 
(31.6%) 
Total 60 
(78.9%) 
16 
(21.1%) 
76 
(100%) 
46 
(60.5%) 
30 
(39.5%) 
76 
(100%) 
Challenge (χ2 =6.440, df= 2, p=0.040)   Adaptation (χ2= 8.041, df=2, p=0.018) 
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Table 5: Chi- square test between Type of License and Dependent 
Variables 
Type 
of 
License 
Challenges Total Adaptation Total 
Yes No Yes No 
IDP 39 
(53.4%) 
14 
(19.2%) 
53 
(72.6%) 
39 
(53.4%) 
14       
(19.2%) 
53 
(72.6%) 
Origin 10 
(13.7%) 
10 
(13.7%) 
20 
(27.4%) 
5 
(6.8%) 
15 
(20.5%) 
20 
(27.4%) 
Total 49 
(67.1%) 
24 
(32.9%) 
73 
(100%) 
44 
(60.3%) 
29 
(39.7%) 
73 
(100%) 
Challenge (χ2 =3.660, df= 1, p=0.056)   Adaptation (χ2=14.315, df=1, p=0.000) 
 
 
Table 6: Chi- square test between Driving Experience in Origin Country 
and Dependent Variables 
 
Driving 
Experience 
in Origin 
Country 
Challenges Total Adaptation Total 
Yes No Yes No 
< 5 years 28 
(36.8%) 
4 
(5.3%) 
32 
(42.1%) 
28 
(36.8%) 
4 
(5.3%) 
32 
(42.1%) 
>5years 32 
(42.1%) 
12 
(15.8%) 
44 
(57.9%) 
30 
(39.5%) 
14 
(18.4%) 
44 
(57.9%) 
Total 60 
(78.9%) 
16 
(21.1%) 
76 
(100%) 
58 
(76.3%) 
18 
(23.7%) 
76 
(100%) 
Challenge (χ2 =2.443, df= 1, p=0.119)   Adaptation (χ2= 3.825, df=1, p=0.050) 
 
Results of license renewal between challenges faced on Malaysia road and 
adaptation of behaviour to driving norms is shown in Table 7. Foreign 
students renew license every 5 years confronted challenges while driving 
compared to foreign student with license renewal less than 5 years (15.3%) 
with variables significant to (p<0.05).  
 
Foreign students renew license every 5 years (50.8%) had difficulty 
adapting driving behaviour compared to foreign student with license 
renewal less than 5 years (11.9%). These variables are significant since 
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(p<0.05). This is because renewal of license procedures might change 
according to time, thus resulting to these consequences. 
 
Table 7: Chi- square test between License Renewal and Dependent 
Variables 
 
License 
Renewal 
Challenges Total Adaptation Total 
Yes No Yes No 
<5 
years 
9 
(15.3%) 
11 
(18.6%) 
20 
(33.9%) 
7 
(11.9%) 
13 
(22.0%) 
20 
(33.9%) 
Every 5 
years 
33 
(55.9%) 
6 
(10.2%) 
39 
(66.1%) 
30 
(50.8%) 
9 
(15.3%) 
39 
(66.1%) 
Total 42 
(71.2%) 
17 
(28.8%) 
59 
(100%) 
37 
(62.7%) 
39 
(66.1%) 
(100%) 
Challenge (χ2 =10.115, df= 1, p=0.001)   Adaptation (χ2=9.936, df=1, p=0.002) 
 
 
5.4.4 Correlation analysis using Theory of Planned Behavior 
(TPB) components 
 
The questions for each component in TPB were computed in SPSS 
software. From the results in Table 8, variables of intentions and behaviour 
strongly correlated positively with each other with r = 0.492 (p < 0.01). 
This means behaviour of driving is dependent on intention of the users. 
There is strong relationship between behaviour and intention. It can be 
concluded that relationship between intention and behaviour is statically 
significant. The second highest correlation happened between attitude and 
behaviour with r = 0.448 (p < 0.01). This means increasing value in attitude 
corresponds to increasing value in behaviour. Meanwhile, the weakest 
correlation variable among all is between subjective norm and behaviour 
with r = 0.320 (p < 0.01). 
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Table 8: Correlation Analysis for TPB Components 
 
Components ATT SN PBC INT BEH 
ATT 1     
SN .434** 1    
PBC .369** .336** 1   
INT .404** .407** .367** 1  
BEH .448** .320** .352** .492** 1 
** Correlation is significant at the 0.01 level (2-tailed) 
 
 
5.5 Conclusions 
 
The first factor that contributes to adaptation of behaviour to local driving 
norms among foreign students in UTHM is driving own car is more 
comfortable and reliable. This aspect is shown in behaviour component 
analysis. As for the intention component, foreign students intend to use 
own transportation on daily basis in areas around UTHM. The last factor 
identified under the subjective norm is the use of own vehicles is more 
convenient than using public transportation. Thus, it can be concluded that 
intention is associated with behaviour, as proven in correlation test. 
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Chapter 6 
 
Distribution of bus stops at train stations: A 
comparison between Kyoto subway line and 
Kelana Jaya line 
 
Siti Fadhlina Muhammad Fisal, Nur Sabahiah Abdul Sukor, Herni Halim, Munzilah Md Rohani 
and Sitti Asmah Hassan 
 
 
6.1 Introduction 
 
In this era of high mobility, private vehicles are still dominating the traffic 
despite various alternatives such as bus and train had been implemented 
to increase the public transport ridership. For instance, in Penang, a free 
shuttle service between Weld Quay and Komtar (launched in 2009) and 
Bridge Express Shuttle Transit (BEST) Park and Ride (launched in 2011) 
had faced difficulties to get high ridership. Thus, a headway study by Haron 
et al. [1] had improved the bus schedule on most of the bus routes.  
 
However, those efforts seem not effective enough as the traffic in Penang 
remains congested until today.  People are still resists to choose bus ride 
as their mode choice even though traffic congestion is getting worse. One 
of the factors that may have influenced the unlikeliness to ride on the bus 
services is the accessibility factor to get the services that includes the 
existence of the bus stops. 
 
One of the significant indicators for the good provision of bus stop at the 
train stations is short walking distance between the bus stops and the 
transit stations. If the bus stop exists within the appropriate walking 
distance, the probability to use the transit system will also increase [2]. 
800m was found as the acceptable walking distance among the public 
transport users [3]. Meanwhile suitable walking distance to bus service 
was also reported to be in between 400 meters to 600 meters and to train 
station in between 800 meters to 1,000 meters [4] 
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Murray and Wu [5] also support that access to transit service is important 
in transit service planning. Chee and Fernandez [6] found that, poor 
regularity of bus arrival and departure was actually one of the factors that 
decline the ridership of bus in Penang. In addition, service quality such as 
accessibility, availability and reliability of the bus service also give impact 
to the bus ridership [7]. It is also argued that the failure of the bus 
operators to maintain good standards of punctuality, the frequency of 
buses, efficient routes, cleanliness, and well-planned bus stops were among 
factors that constrain the likeliness to ride the buses [8].  
 
Japan has been known as a developed country that has high quality of public 
transport service. Meanwhile, Kyoto is among the cities in Japan that 
received high number of tourists, similar with Kuala Lumpur.  Therefore, 
this topic compares the differences in the distribution of bus stops near 
the train stations between Kyoto Subway Line and Kelana Jaya Line in 
Kuala Lumpur. Kyoto Subway Line was selected for its similarity in terms 
of land use and development activities with Kelana Jaya Line, Kuala 
Lumpur. Kelana Jaya Line consists primarily of elevated stops and a handful 
of underground and at-grade stations. Of the 37 stations 31 are elevated, 
1 at ground level, and 5 underground stations. Meanwhile, Kyoto Subway 
Line consists of 2 lines which are Karasuma Line and Tozai Line with 
altogether 32 stations which are totally operated underground.  
 
 
6.2 Methodology  
 
The data for the analysis was obtained and measured by using google maps. 
The comparison was made by selecting the stations that have the similar 
type of land use and development activities between Karasuma Line and 
Kelana Jaya Line. Tozai Line was not suitable to be compared as it serves 
to less dense population areas. Therefore, four stations were found to be 
suited to compare including Kyoto Station vs Kuala Lumpur Sentral and 
Sanjo Station vs Masjid Jamek Station. Kyoto Station and Kuala Lumpur 
Sentral stations have similar purpose which is as a transit hub at the urban 
and dense areas. Meanwhile, Sanjo Station and Masjid Jamek Station are 
similar in terms of serve as the interchange stations.  Next, a radius of 500 
meter to 1-kilometer circular buffer in the maps has been determined 
from each station.   The criteria that should be considered for the 
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accessibility to the train stations such as the number and distribution of 
bus stops, the average distance between each bus stops, the closest 
distance of car parks to the train station, the closest distance of bus stop 
to the train station and type of land use will be discussed in the results and 
discussion.  
 
 
6.3 Results and Discussion 
 
6.3.1 Distribution of Bus Stops  
 
Based on the data harvested from the Google maps, a comparison study 
is made regarding the accessibility of bus stops to the train station between 
Karasuma Line, and Kelana Jaya Line. Fig. 1 shows the distribution of bus 
stops at 1km radius from Sanjo Station whereas Fig.2 shows the 
distribution of bus stops with the same radius at Masjid Jamek Station. The 
red dots in the figures represent the location of the bus stops. Sanjo 
Station and Masjid Jamek Station were selected to be compared based on 
the similar type of land use and development activities which located at 
the business and office areas. Whereas, Fig. 3 and Fig. 4 show the Kyoto 
Station and Kuala Lumpur (KL) Sentral, respectively. Both stations act as 
the terminal hubs.  
 
It was found that, the distribution of bus stops at both train stations has 
different patterns. The bus stops at Karasuma Line are more compactly 
distributed than the bus stops at Kelana Jaya Line, which is in more 
scattered locations. The provision of bus stops within 1km radius from 
each station of Karasuma Line is identified to be more than that have been 
provided around each station of Kelana Jaya Line, Kuala Lumpur. This 
pattern significantly affects the willingness to ride a train. With fewer 
provisions of bus stops, people will reluctantly take a train as they have to 
walk further and it will take longer time to arrive at the train station if 
they happen to take a bus. Figures 5 and 6 show the number of bus stop 
provided within 1-kilometer radius from each station for both type of train 
services. The results show that higher numbers of bus stops have been 
provided for Kyoto Subway Line compare to Kelana Jaya Line. 
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Fig. 1 The Distribution of Bus Stops within 1km radius from Sanjo Station 
(Karasuma Line), Kyoto, Japan. [9] 
 
 
 
Fig. 2 The Distribution of Bus Stops within 1km radius from Masjid Jamek 
Station (Kelana Jaya Line), Kuala Lumpur, Malaysia [10] 
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Fig. 3 The Distribution of Bus Stops within 1km radius from Kyoto 
Station (Karasuma Line), Kyoto, Japan [11] 
 
 
 
Fig. 4 The Distribution of Bus Stops within 1km radius from KL Sentral 
Station (Kelana Jaya Line), Kuala Lumpur, Malaysia [12] 
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Fig. 5 Number of Bus Stops within 1-kilometer radius from each station 
at Kyoto Subway Line  
 
 
 
 
Fig. 6 Number of Bus Stops within 1-kilometer radius from each station 
at Kelana Jaya Line 
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6.3.2 Distance between bus stops  
 
The approximate distance between the bus stops nearby the train stations 
of Kyoto Subway Line is in the range of 150 meter to 400 meters with the 
closest distance of 10 meter from the train station. For this aspect, there 
is no major difference for Kelana Jaya Line. The average distance between 
the bus stops is 200 meters to 500 meters approximately with the closest 
distance of 50 meter to 70 meters to the train station. The gap between 
bus stops become shorter when the area is the center of attraction and 
city center.  
 
6.3.3 Facilities at bus stops 
 
From the data extracted from street view, the train stations of Kyoto 
Subway Line provide bicycle lane and bicycle parking area for the cyclist. 
However, it is different for Kelana Jaya Line which bicycle parking area is 
occasionally provided for the cyclist but motorcycle parking is provided at 
almost every train station. Car parks either paid or free are available as 
close as 50 meters to 100 meters for both Kyoto Subway Line and Kelana 
Jaya Line. Bus routes are available for access and egress from each train 
stations. Thus, it can be assumed that there is no problem in term of bus 
accessibility to the train station for both Kyoto Subway Line and Kelana 
Jaya Line. For Kyoto Subway Line, car parks are available at almost every 
train station with as close as 30 meters to 100 meters approximately. 
Whereas for Kelana Jaya Line, mostly car parks are available at elevated 
train stations and very limited.    
 
6.3.4 Type of land use and bus network 
 
Type of land use for Kyoto Subway Line is mixed used development with 
some of the stations are located at the center of attraction or central 
business district (CBD) such as Kyoto Station and Karasuma Oike. The 
train also headed to the suburban regions with most of the land use is 
dominated by residential area. Nevertheless, the number of bus stops are 
not reducing. This is opposite with Kelana Jaya Line where the number of 
bus stops become lesser when it comes to suburban areas. Based on the 
figures showed above, it is found that there is a difference of bus network 
in both lines. By referring to the picture, the bus network within 1-
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kilometer circular radius from Kyoto Subway Line is grid whereas the bus 
network from Kelana Jaya Line is linear. From this perspective of view, 
multi destination-based transit networks such as grid is claimed to be more 
effective in terms of mode share, service effectiveness and cost 
effectiveness [13]. Furthermore, Nielsen et al [14] suggested that, having 
this kind of network can increase the bus ridership. This network might 
be the reason behind the high dependency of Kyoto Subway Line. 
 
 
6.4 Conclusion  
 
From the comparison and analysis, there is a difference in distribution of 
bus stops between Kyoto Subway Line and Kelana Jaya Line. This 
distribution pattern does influence the bus ridership. The grid bus network 
practiced by Kyoto has made the bus system works more effectively and 
attract the users to take the train. One more difference that is identified 
is the provision of bicycle and motorcycle parking. From here it is found 
that there are two different mobility cultures which are bicycle ridership 
and motorcycle ridership. The Japanese do not use motorcycle as much 
as the Malaysians but the Malaysians do not use bicycle as much as the 
Japanese. Mobility culture does affect the dependency on public transport. 
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Chapter 7 
 
Rutting resistance evaluation of warm mix 
asphalt containing anti-stripping agent 
 
Mohamad Yusri Aman, Nor Farah Azila Abdullah @ Musa, Nursitihazlin Ahmad Termida, 
Munzilah Md Rohani, Basil David Daniel and Zulkurnain Shahadan 
 
 
7.1 Introduction 
 
WMA is produced at a temperature range of 120°C to 140°C compared 
to HMA that is produced at temperature between 140°C to 180°C and 
compacted at temperature to 120°C to 160°C [1]. Warm Mix Asphalt 
(WMA) technology allows the producers of hot-mix asphalt pavement 
material to lower the temperatures at which the materials are mixed and 
placed on the road. WMA promises several benefits compared to 
conventional HMA such as reducing energy consumption, lowering the 
greenhouse gas emissions, reducing of asphalt fumes during paving 
construction and creating a healthier work environment [1].  
 
WMA additives come in four general categories namely organic additive 
products such as Sasobit® and Asphaltan B, water-bearing Zeolite 
products such as aspha-Min and Advera WMA, water-based foaming 
process products such as WAM Foam and emulsion-based processed 
product such as Evotherm [2]. Sasobit® is an organic or wax additive 
which is completely soluble in asphalt binder at temperatures higher than 
120°C [3]. The additive tends to reduce the viscosity of asphalt binders. 
By forming a crystalline network structure that can stabilize the binder at 
temperature below its melting point [3]. WMA technology is able to 
reduce HMA production temperatures as low as 115°C [4].  
 
However, the temperature of the asphalt mix has a direct effect on the 
viscosity of the asphalt binder and thus compaction. As the temperature 
of HMA decreases, the binder of asphalt mixture become viscous and 
make it difficult to compact [1]. Lower compaction temperature of WMA 
contributes to an increase of air void level, hence reducing the aggregate-
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bitumen bonding which may lead to moisture damage of asphalt mixture 
[5].  As reported by D’Angelo et al. [6], the trapped water in bitumen-
aggregate interface causes adhesion failure that affects pavement strength 
and shorten its design life. Moreover, the lower mixing and compaction 
temperatures for WMA reduces the binder stiffness resulting to rutting 
after paving [7]. Therefore, in order to overcome this problem, anti-
stripping agents are commonly added into the mixes to allow greater 
adhesion between bitumen and aggregates.  
 
Hao and Hachiya [8] conducted a study on advantages of anti-stripping 
agents used in asphalt mixtures namely hydrated lime slurry and ordinary 
portland cement tested with wheel-tracking test. They found that the 
hydrated lime slurry is more effective to improve the physical-chemical 
interaction to increase stiffening of the asphalt binder and increasing the 
aggregate-bitumen bonding to improve the mixes durability. Ozen [9] 
revealed that hydrated lime containing calcium carbonate improved the 
aggregate-bitumen bonding and reduced long-term oxidative aging to 
potential moisture damage. Moreover, hydrated lime can reduce asphalt 
cracking to some extent despite its stiffening effects because initial micro 
cracks can be intercepted and deflected by tiny active lime particles, 
resulting in improved fatigue cracking resistance and rutting.  
 
Aman et al., [10] conducted a study on rutting evaluation of warm mix 
asphalt incorporating anti stripping agent. The result shows that, 
specimens incorporating chemical warm mix additive namely Cecabase® 
compacted at low temperature reduced rut depth of asphalt mix. They 
revealed that, chemical compounds in pavement modifier reacted with the 
mixes to increase the aggregate-bitumen bonding which help to improve 
resistance to rutting of asphalt mixes compared to ordinary Portland 
cement and quarry dust regardless of compaction temperature. 
 
Hurley and Prowell [11] evaluated the effects of Sasobit® on pavement 
performance. Two types of aggregate (granite and limestone) and two 
types of binder (PG 64-22 and PG 58-28) have been used. The study 
concluded that the addition of Sasobit® indicates the reduced aging of the 
binder. Decreasing mixing and compaction temperature tends to decrease 
aging of the binder however it may lead to increases the rutting potential. 
However, in terms of rutting, the mixes containing Sasobit® were less 
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sensitive to the decreased the production temperatures in comparison to 
control mixes. Therefore, the main purpose of this study was to evaluate 
the effects of filler namely Quarry Dust (QD) and Pavement Modifier 
(PMD) at different compaction temperature containing Sasobit® on 
rutting performance of asphalt mix by conducting Hamburg Wheel 
Tracking test. 
 
 
7.2 Materials and methods 
 
7.2.1 Mixing and compaction temperatures 
 
The mixing and compaction temperatures used were depended on 
bitumen viscosity as determined from a Brookfield Viscometer test result. 
According to Asphalt Institute (2007), the ideal mixing and compaction 
temperatures correspond to conventional bitumen viscosity are 0.17± 
0.02 and 0.28± 0.03 Pa.s respectively. This test was conducted according 
ASTM D4402 procedures. The mixing and compaction temperature 
adopted for binder with 0% and 1.5% of Sasobit® for determining the 
effects of anti-stripping agent on rutting of warm mix asphalt, the mixing 
and compaction temperatures were tabulated in Table 1. 
 
Table 1 Mixing and compaction temperature 
 
Temperature (°C) 
Mixing Compaction 
160 150 
135 125 
105 95 
 
 
7.2.2 Determination of optimum binder content 
 
The optimum binder content (OBC) was designed based on Malaysia 
Public Works Department (JKR, 2008) standard specification for ACW10. 
The Marshall method was conducted to determine the optimum bitumen 
content that achieved minimum stability and within allowed range of flow. 
The test was conducted in accordance to ASTM D6927 procedures. Table 
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2 shows the summary of desired binder content for asphalt mixes 
prepared with Sasobit® and base binder. The results tabulated in Table 2 
indicates that the specimens prepared with Sasobit® modified binder and 
control binder satisfied the Malaysia Public Works Department 
specifications for ACW10. 
 
Table 2 Optimum binder content determination 
 
Binder 
(%) 
Sasobit 
(%) 
VFB (%) VTM Stability 
(kg) 
Flow 
(mm) 
Stiffness 
(kg/mm) 
5.7 0 77.21 4.1 1698.2 2.4 403.4 
5.5 1.5 74.92 5.0 1806.4 2.6 692.6 
 
 
7.2.3 Specimen Preparation 
 
The conventional 80/100 penetration grade bitumen was heated and 
poured into small containers and left to cool at ambient temperature 
before storing for further laboratory testing. This step was adopted to 
prevent wastage and overheating the bitumen. The aggregates were 
batched at approximately 2400 grams inclusive anti-stripping agents and 
were pre-heated in an oven for 4 hours at the desired mixing temperature. 
The asphalt mixes were prepared at different binder content and were 
blended at their corresponding mixing temperatures. The loose mixes 
were conditioned in an oven for 2 hours at the compaction temperature 
to simulate short-term aging. The cylindrical specimen dimension of 
150mm in diameter and 65mm height compacted to 4% air voids by using 
Superpave Gyratory Compactor.  
 
7.2.4 Wheel Tracking Test 
 
A wheel tracking test was conducted in the laboratory using a wheel 
tracker machine. The test was conducted according to the British 
Standard BS 598 Part 110 (1989) procedures. The testing consists of 
repeated application 42 passes/min on specimens with a standard load of 
700N. The test was concluded after 45 min or when the rut depth 
exceeded 15 mm. 
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7.4 Results and discussions 
 
7.4.1 Effect of anti-stripping additive on resistance to rutting  
 
Figure 1 shows the rut depth of specimens compacted at 95°C, 125°C and 
150°C decreased by 12.7%, 28.7% and 21.6% respectively. PMD which 
contains chemical compounds that increases the interaction between the 
aggregate surface and the bitumen binder, improving the bitumen-
aggregate bond [5]. Specimens incorporating PMD exhibit lower rut depth 
and higher the resistance to deformation compared to the specimen 
without anti stripping agent. This is due to carbonaceous compounds 
reacting with high polar molecules in asphalt to form insoluble salts thus 
increasing the bond between aggregate and asphalt. 
 
 
 
Fig. 1 Effects of Anti Stripping Additive 
 
The effects of anti-stripping additive on rutting potential was supported 
using Two-way ANOVA univariate statistical analysis at 95% confidence 
level (α = 0.05). Table 3 presents the results of the analysis showing the 
effects of anti-stripping on rutting potential. The results indicate that the 
anti-stripping agent and compaction temperature has a significant influence 
on rut depth since the p-value less than 0.05. 
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Table 3 Two-way ANOVA on the effects of compaction temperature 
and anti-stripping agent on rutting 
 
Source SS DF MS F P-value 
Corrected 
Model 
9.528 5 1.906 3.982 < 0.013 
Intercept 160.891 1 160.891 336.197 < 0.001 
Temperature 7.660 2 3.830 8.004 < 0.003 
ASA 0.228 1 0.228 0.477 < 0.499 
Temperature * 
ASA 
1.640 2 0.820 1.713 < 0.038 
Error 8.614 18 0.479   
Total 179.033 24  
 
 
7.4.2 Effect of Sasobit® on Resistance to Rutting  
 
Figure 2 shows the relationship between Sasobit® content and rut depth 
at different percentages of Sasobit® contents. The rut depth was observed 
in 45°C test temperature at different compaction temperature. As 
Sasobit® content increases, rut depth decreases by 44.37%, 42.02% and 
32.65% at 95°C, 125°C and 150°C respectively compared to control 
sample. Meanwhile, the specimen containing PMD decrease by 24.73%, 
36.57% and 13.02% at 95°C, 125°C and 150°C, respectively. It can be seen 
that by increasing the Sasobit® content by 1.5%, it significantly decreases 
the rut depth. Sasobit® reduced mixing and compaction temperatures, 
improved workability and rutting resistance [12]. On the other hand, 
specimens mixing at lower temperature show higher rut depth than 
others. This is due to compaction at low temperature, which causes high 
binder viscosity has compromised effective binder coating and results, 
inadequate compaction, hence produced low strength mixes. 
 
The data obtained was further analyzed using Two-way ANOVA analysis 
to determine the effect of compaction temperature and Sasobit® on rut 
depth. Table 4 presents the results of the statistical analysis at 95% 
confidence level (α = 0.05). It shows that the p-values of the analysis 
indicated that the effects of compaction temperature and Sasobit® on rut 
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depth is less than 0.05. Therefore, compaction temperature and Sasobit® 
have significant effect on rut depth. 
 
 
Fig. 2 Effects of Sasobit® on Rut Depth 
 
 
Table 4 Two-way ANOVA effects of compaction temperature and 
Sasobit® on rutting 
 
Source SS DF MS F p-value 
Corrected Model 17.681 11 1.607 41.767 0.001 
Intercept 160.891 1 160.891 4.1813 0.001 
Sasobit 7.020 1 7.020 182.417 0.001 
Temperature 7.660 2 3.830 99.528 0.001 
ASA 0.228 1 0.228 5.929 0.031 
Sasobit * 
Temperature 
0.833 2 0.417 10.827 0.002 
Sasobit * ASA 0.157 1 0.157 4.075 0.066 
Temperature * ASA 1.640 2 0.820 21.308 0.001 
Sasobit * 
Temperature * ASA 
0.142 2 0.071 1.847 0.200 
Error 0.462 12 0.038   
Total 179.033 24  
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7.4.3 Effect of Different Compaction Temperature on Rutting 
Potential  
 
Figure 3 shows the results of rut depth for specimens compacted at 
different temperatures. The findings indicate that as compaction 
temperature increases, rut depth decreases. Reducing compaction 
temperature adversely affects the rutting damage due to incomplete drying 
of aggregates during heating and mixing at low temperature. The low 
compaction temperature also induces high binder viscosity and binder 
coating. The rut depth decreases 24.73% for specimens incorporating 
PMD filler and Sasobit® compacted at 95°C. This shows that PMD filler 
can improve the resistance to stripping of asphalt mixes. 
 
 
 
Fig. 3 Effect of compaction temperature, Sasobit® and Pavement 
Modifier on rut depth 
 
The data obtained was statically interpreted using GLM univariate for both 
quarry dust and PMD with various Sasobit® contents at 95% confidence 
level (α = 0.05). Table 5 shows the results which the Sasobit®, anti-
stripping agent and compaction temperature have a significant effect on 
rutting potential with p-value of less than 0.05. However, the interaction 
between Sasobit® contents and anti-stripping agents show no significant 
effects. 
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Table 5: GLM analysis on Rutting Potential 
 
Source SS DF MS F P-value. 
Corrected 
Model 
15.514 5 3.103 21.244 0.001 
Intercept 160.891 1 160.891 1.1023 0.001 
Temperature 7.660 2 3.830 26.225 0.001 
Sasobit 7.020 1 7.020 48.066 0.001 
Temperature * 
Sasobit 
0.833 2 0.417 2.853 0.044 
Error 2.629 18 0.146   
Total 179.033 24  
 
 
7.5 Conclusions 
 
The asphalt industry has been exploring ways to minimize energy use and 
reduce emissions by lowering production temperature, made possible by 
incorporating warm asphalt additives named Sasobit®. Nevertheless, low 
mixing temperatures may prevent moisture from being completely 
removed from the aggregate and this may adversely affect the bitumen 
bonding and may reduce the asphalt performance.  PMD indicates lower 
rut depth compared to the specimens incorporating quarry dust. This is 
due to carbonaceous compounds reacting with high polar molecules in 
asphalt to form insoluble salts thus increasing the bond between the 
aggregate and asphalt. This also supported by the statistical analysis which 
the anti-stripping additive and compaction temperature has significant 
influence on the rut depth of the specimen. 
 
The evaluation of rutting potential of asphalt mixtures incorporating 
Sasobit®, show that the increasing of Sasobit® in the specimens 
contributes to significant effects on the resistance to rut depth. The Two-
way ANOVA analysis show that the compaction temperature and 
Sasobit® have significant effect on rut depth. Specimens compacted at 
95°C show substantially higher rut depth compared to specimens 
compacted at 150°C. The General Linear Method analysis indicated that 
Sasobit®, anti-stripping agent and compaction temperature have a 
significant effect on rutting potential. However, the interaction between 
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Sasobit® contents and anti-stripping agents have shown no significant 
effects. 
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Chapter 8 
 
Traffic flow analysis at U-turn merging 
sections along Jalan Batu Pahat – Kluang 
(Federal Route FT050)  
 
Basil David Daniel, Mohd Amiruddin Mad Nasir, Munzilah Md Rohani, Nursitihazlin Ahmad 
Termida,  Mohamad Yusri Aman and Kamarudin Ambak 
 
 
8.1 Introduction 
 
A U-turning movement is a driving technique where the driver performs 
a 180 degree turn to reverse the direction of travel on a highway. Some 
highways in Malaysia such as multilane highways provide U-turn facilities. 
U-turn facilities is usually provided in areas with high population density 
such as residential and commercial areas. The ulterior goal of providing 
U-turn facilities is to allow change in direction of travel with minimal 
impact on traffic conflict points and congestion. U-turn facilities are 
preferred over conventional signalised intersections due to its more 
desirable traffic performance [1]. 
 
Presently in Malaysia, studies have been conducted to quantify the effect 
of U-turn facilities on traffic flow, and to assess U-turn facilities in terms 
of safety and level of service [2]. However, there has not been any 
research on developing traffic flow models and predicting the change in 
capacity, or “capacity drop” of traffic flow at U-turn merging sections, 
which is why this research was conducted.  
 
Merging points are critical sections of roadways that need to be studied, 
seeing as the drops in capacity of traffic flow can cause bottlenecks, lower 
lane speed and worsen the level of service of roadways. Failure to predict 
the capacity drop will affect the level of service as the traffic volume grows 
in the future. 
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8.2 Traffic flow at Jalan Batu Pahat – Kluang 
 
Traffic flow can be divided into two main types – the first being 
uninterrupted flow, which is defined as flow regulated by vehicle-vehicle 
interactions and interactions between vehicles and the roadway. The 
second is interrupted flow, where the flow is coordinated by external 
means, such as a traffic signal, a junction or a pedestrian crossing. Under 
interrupted flow conditions, vehicle-vehicle interactions and vehicle-
roadway interactions play a secondary role in defining the traffic flow [3]. 
 
The three U-turn facilities along Jalan Batu Pahat – Kluang (refer to Figure 
1) can therefore be categorised as uninterrupted flow facilities, seeing as 
the flow at the facilities is mainly governed by interactions between 
vehicles and the roadway configuration, as well as vehicle-vehicle 
interactions. 
 
 
 
 
 
Fig. 1 Location of U-turn facilities along Jalan Batu Pahat - Kluang 
 
Site A (near KKTM) 
Site B (near BHP Petrol) 
Site C (near SMK Seri Gading) 
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From a 12-hour traffic count conducted on-site, the morning, afternoon 
and evening peak periods were determined to be 7:00 am – 9:00 am, 12:00 
pm – 2:00 pm and 5:00 pm to 7:00 pm respectively. Hourly volumes ranged 
between 1,480 vehicles per hour to 2,681 vehicles per hour (refer to 
Figure 2). 
 
 
Fig. 2 Traffic volume along Jalan Batu Pahat - Kluang 
 
 
 
8.3 Research methods 
 
8.3.1 Experimental setup for the impact study 
 
The installation of equipment was done after the site had been selected. 
The equipment used for collecting the data for this study was by video 
camera. Figure 3 shows the layout for setup of the impact study 
throughout the roadway section for every site location. The camera was 
installed at two places for each site, i.e. Camera A and Camera B. Camera 
A was placed on the approach driving direction of Kluang to Batu Pahat 
facing the merging section of the U-turn facility whereas Camera B was 
placed on the approach driving direction of Batu Pahat to Kluang facing 
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the merging section of the U-turn facility. The distance of the camera setup 
location to the U-turn and its merging section was 50 meters. For the 
traffic flow data collection, sets of data was taken during peak hours and 
off-peak hours. 
 
The two cameras were placed before and after the merging section 
approximately 50 meters after the U-turn facilities. At this distance, the 
cameras were able to record the U-turning vehicles as well as the vehicles 
on the inner lane, before, at and after the merging sections. The cameras 
were placed on the road shoulder, hidden from the view of drivers in 
order to avoid driver distraction which would affect their normal driving 
behaviour. 
 
 
 
Fig. 3 Experimental setup for video observations 
 
 
8.3.2 Traffic flow theory 
 
Macroscopic and microscopic parameters are commonly used to 
characterise traffic flow as a whole, as well as characterise the behaviour 
of individual vehicles in the traffic stream with respect to each other. The 
three principal macroscopic parameters that describe traffic flow in any 
roadway are volume (or rate of flow), density and speed [4]. These three 
parameters are described by the operational state or the actual condition 
of the traffic stream of a stream of a roadway and have been mentioned 
in previous studies [5].  
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Speed, flow, and density are all related to each other. Under the 
uninterrupted flow condition, flow, q (vehicles per hour) is the product of 
speed, v (kilometers per hour) and density, k (vehicles per kilometer), i.e. 
q = vk. The flow is equal to zero when one or both of these terms (speed 
or density) is zero. It is also possible to deduce that the flow is maximised 
(i.e., the capacity of the roadway is reached) at some critical combination 
of speed and density. 
 
 
8.3.3 Regression analysis 
 
After obtaining the traffic flow parameters, the data sets were further 
analysed using SPSS software. The Curve Estimation method under  the 
Regression Analysis function was applied in this study. Regression analysis 
is basically a statistical process for developing association among variables, 
in the case of this study, the variables were speed, flow and density.  
 
Regression analysis is usually conducted for one of two purposes; to 
predict the value of the dependent variable based on information 
concerning the explanatory variables is available, or to estimate the effect 
of some explanatory variables on the dependent variable [6].  
 
The Curve Estimation method was employed in order to obtain the best 
fit curve for the flow models. This is based on the assumption that the 
relationship between the variables may not necessarily linear, but could 
also be explained by either exponential, logarithmic or power models. 
 
The coefficient of determination, R2 is a measure of the amount of 
variability in the data accounted for by the regression model. It is the ratio 
of the regression sum of squares to the total sum of squares. The value of 
R2 is typically betwwn 0 and 1. If the value of R2 is 0, this means there is 
no relationship between the two variables tested. A value of 1 means that 
the developed model is a perfect fit. Thus, this study aims to achieve R2 
values closer to 1.  
 
The F-test and t-test were used to determine whether the regression 
model and its independent variables were significant. The testing of the 
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significant F-value (Sig. F) and the t-statistic values (t-stat) were conducted. 
Statistical significance is indicated when the calculated Sig. F and t-statistic 
is larger than the critical F-value and t-value, or the p-value is equal to or 
smaller than the significant value,  of 0.05 at a level of confidence of 95%. 
 
 
8.4 Results and discussion 
 
8.4.1 Speed-density and speed-flow models 
 
The speed and density relationships were found to be best explained by 
exponential models. The speed-density (v-k) models were developed for 
both peak and off-peak hours at U-turn facilities along Jalan Batu Pahat - 
Kluang, as shown in Table 1.  
 
Table 1 Speed-density models for peak and off-peak periods 
 
 
Based on the speed-density models, speed-flow models can therefore be 
developed as shown in Table 2. It can thus be concluded that the capacity 
(maximum flow) of the U-turn merging section during off-peak period is 
2,527 vehicles per hour with an optimal speed of 40.1 km per hour. As 
expected, there was a 46.3% drop in capacity during the peak period. The 
capacity constricts to 1,358 vehicles per hour with an optimal speed of 
30.1 km per hour. 
 
   
 
 
Period Equation R2 Sig. F t-stat 
Off-Peak 𝑣𝑜𝑓𝑓−𝑝𝑒𝑎𝑘 =
98.03
exp (0.0184𝑘)
 0.864 0.000 39.19 
Peak 𝑣𝑝𝑒𝑎𝑘 =
109.53
exp (0.0258𝑘)
 0.859 0.000 38.91 
Note: The models were significant (Sig. F < 0.05) 
The coefficients were also significant (t-stat > t critical = 1.990) 
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Table 2 Speed-flow models for peak and off-peak periods 
 
 
8.4.2 Capacity drops at individual U-turn facilities 
 
When analysed separately, each individual U-turn facility that was studied 
in this research demonstrated different results. This comes to show that 
transport facilities do not necessarily replicate traffic flow characteristics 
of another, unless traffic conditions and geometric layouts are similar. 
 
Capacity drops were higher at Site B (near the BHP petrol station), 
compared to Site A (near Kolej Kemahiran Teknologi MARA) and Site C 
(near SMK Seri Gading), as can be seen in Table 3. This was due to the 
higher trip attraction to the area surrounding Site B, which includes a 
residential area, commercial centers, a college and a petrol station. 
 
Table 3 Capacity drops estimated for U-turn merging sections 
Site 
Capacity drops, in vehicles per hour (in %) 
Kluang – Batu Pahat Batu Pahat – Kluang 
A 1,890 (8.4 %) 1,897 (6.2 %) 
B 1,643 (20.3 %) 1,612 (21.2 %) 
C 1,743 (7.1 %) 1,762 (6.9 %) 
 
 
 
 
Period Equation 
Optimal 
speed 
(km/h) 
Maximum 
flow (veh/h) 
Off-
Peak 𝑞𝑜𝑓𝑓−𝑝𝑒𝑎𝑘 =
𝑣(4.585 − ln 𝑣)
0.0184
 40.3 2,527 
Peak 𝑞𝑝𝑒𝑎𝑘 =
𝑣(4.696 − ln 𝑣)
0.0285
 30.1 1,358 
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8.5 Conclusion 
 
The findings from this study show a distinct relationship of between speed 
and density, and flow and speed at U-turn merging sections, as yielded 
from the regression models developed. The relationships were best 
explained using exponential functions as opposed to the conventional 
linear models. These models enabled the researchers to make estimations 
of capacity drops that were expected to occur when transitioning from 
off-peak periods to peak periods. A drop in capacity as high as 46.3% was 
predicted, while site specific capacity drops ranged between 6.2% to 
21.2%. It can therefore be concluded that U-turn facilities provided on 
multilane highways may seriously affect the capacity of the traffic flow 
involving the main stream through traffic, thus causing delays and 
congestions during peak hours. 
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